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. Palette on Production 








ROLLING MILLS 
No. 5 in a series of original paintings speciaily com- a 
missioned from Robert Johnston, R.I., S.M.A., to 
illustrate the productive capacity of Davy-United for EE TEE OLE OO METALWORKS PLANT 
metalworks plant. This painting shows a Universal ij many 
Slabbing Mill, designed to roll 60,000 tons of ingots 
a week and comprising in itself some 1,900 tons of 


machinery, during erection in Darnall Works. 


Sheffield * Middlesbrough * Glasgow 





# 
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THE SKEFKO BALL BEARING COMPANY LIMITED «: LUTON : BEDS 
THE ONLY BRITISH MANUFACTURER OF ALL FOUR BASIC BEARING TYPES: BALL, CYLINDRICAL ROLLER, TAPER ROLLER & SPHERICAL ROLLER 

G185 
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Complete plant and 


A 180 tons capacity 
Hot Metal Mixer 
Car manufactured 
by Head Wrightson 
Teesdale Ltd. to 
“the design of 
the Treadwell Co. 
of America in con- 


junction with the 
international 
Construction Co 


Gas cleaning 
plant for the 
Appleby — 
Frodingham. 
Steel Co. 


Blast furnace for the Empresa Nacional 
Siderurgica S.A. at Aviles in Spain. The 
furnace hearth is 27 ft. in diameter. 








WRIGHTSON @ 


Electrolytic tinning line 
at the Velindre Works of 
the Steel Co. of Wales. 


The largest and most 
modern continuous gal- 
vanizing plant in Britain 

at the Ebbw Vale works™g 
of Richard Thomas & 4% 
Baldwin Ltd. ee 











HEAD WRIGHTSON IRON & STEEL WORKS ENGINEERING LTD. 


TEESDALE IRON WORKS, THORNABY-ON-TEES 


THE HEAD WRIGHTSON MACHINE CO. LTD. 


COMMERCIAL STREET, MIODLESBROUGH 
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HIGH EFFICIENCY 
GAS CLEANING 


ferro-manganese gas from blast furnaces 


blast furnaces at the works of 
the Workington Iron & Steel Com 
Branch of the United Stee 
Companies Limited). This installatio 
has a total capacity of ELECTRICAL EQUIPMENT 
4,200,000 c.f.h. at N.T.P All electrical equipment used in 

tion with Holmes-Elex Electrical 

tors is supplied by The Electri« 


tion Company Limited 


W.C. & CO. LTD. 


Gas Cleaning Division Telephones: Huddersfield 5280 
TURNBRIDGE London: Victoria 9971 
HUDDERSFIELD Birmingham: Midland 6830 
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FIFTY YEARS OF — 


CONTROL GEAR DEVELOPMENT 


Gu have made possible a notable 
half-century of achievement... 


SEP LP LCs 
gat st 
sf tA 
4 sf 
Shee gtttt 


To you, our Customers throughout Great Britain and overseas, 


we offer a special Golden Jubilee ‘Thank You’. Your support and 
co-operation during these eventful years have 


\ 
‘ 


¥ eee Stimulated development of new Allen West techni- 


ques and resources to meet the ever-advancing demands 
of Industry, Electrical Traction and Marine Service 


~ 
™ 
Me 
* 
@ 4 
4 
% 
% 
% 
% 
% 
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ee Helped us from modest beginnings in 1910 to 


S 
é 


become the biggest organisation in the British Common- 


wealth specialising in the manufacture of electric motor 
control gear 


- ee Enabled us to maintain, in terms of improved 


efficiency and service, our proud claim that for every 


electric motor, however arduous or intricate the applica- 
tion, there is an Allen West starter 


In the challenging years ahead, your needs will ever be our interest 


ALLEN WEST & CO LTD 


BRIGHTON : ENGLAND 
SUBSIDIARY COMPANIES IN CANADA, SOUTH AFRICA & RHODESIA 


AGENCIES THROUGHOUT THE WORLD 
January, 1960 





ALL TYPES OF 
MECHANICAL HANDLING PLANT 


...of any capacity. Designed, 
constructed and set to work 
in all parts of the world. 


STRACHAN & HENSHAW LTD 


Steelhoist Works + Bristol » England 
Telephone: 78331 
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Forgings and castings in carbon 


and alloy steels for electrical 


and general engineering purposes. 


Back-up Roll for 39° and 63 150° 4-High Plate Mill 
Arbour 44" O/D » 12'- 6” Long on barrel -1$”" O/L 
Finished machined and fitted with Forged 


44" 1/D x 12’- 6” Long. 


23 


Alloy Steel Sleeve 63° O/D 
Sclerescope Hardness 45/50 completed weight 72 tons 19 cwts. 


WILLIAM BEARDMORE & CO. LIMITED 1! Hamilton Place, Piccadilly, 
(Hyde Park Corner), London W.1 
Tel: GROsvenor 8786 


John Street, Manchester 3 


2 St 
Tel’ BLAckfriars 9745 
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_ BOGIE TYPE 
%s,. REHEATING FURNACE 

: FOR LARGE INGOTS 
<.. FOR PLATE ROLLING 


The above is one of a pair of Furnaces installed at the 
River Don Works of The English Steel Corporation 
Limited, Sheffield, for re-heating a standard load of 
six 13 ton stainless steel ingots to rolling temperature. 
Reversing type with multi-pass regenerators built 
above floor level and all auxiliary equipment located 
behind the Furnaces 


The last word in PRIEST FURNACES LIMITED 


Furnace design 





8 


LONGLANDS 


We specialise in the design and 
construction of :— 

Open Hearth Furnaces. 
Soaking Pits of all types. 
Continuous Multi-zone Bloom 
and Slab Re-heating Furnaces. 
Continuous Bogie type Ingo 
and Slab Heating Furnaces. 
Furnaces for Aluminium Mel- 
ting, Coil Annealing and Slab 
Re-heating. 

Forge and Heat Treatmen 
Furnaces. 

Stress Relieving Furnaces 
Shipyard Plate and Bar Fur- 
naces 

Modern Lime Burning Kilns. 


MIDDLESBROUGH 


F143 
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Eends—and means too! 


Wraggs of Sheffield take justifiable pride 

in their end runner bricks as finished 
products. But they never forget that 

casting pit refractories are means to another 
end—that of producing clean, reliable 

steel for the world’s great industries. 


That’s why no refractories are allowed to 


LMM HC 


leave Wraggs’ works unless they are up to 


Br i tn Cn cs the highest standards of manufacture. 


LADLE LINING BRICKS 
NOZZLES * STOPPERS « SLEEVES Wra S ot Sheff Id 
TRUMPET GUIDES * TRUMPET BELLS £3 e 
CENTRE & RUNNER BRICKS 
INGOT FEEDER TILES for reliable casting pit refractories 


THOS. WRAGG & SONS (SHEFFIELD) LTD., LOXLEY, NR. SHEFFIELD. TELEPHONE: 343034 


OA/5612 
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Expansion in the use of oxygen in the Steel 
Industry emphasises the need and importance 
of On Site Tonnage Oxygen. 


Air Products fully integrated services will 
design and install a complete On Site Tonnage 
Oxygen Plant specifically planned to meet your 
present and potential oxygen demand. The 
plant can be leased from Air Products 

(Great Britain) Ltd., or the oxygen output can 
be supplied under contract at a fixed price. 


An Air Products On Site Tonnage Oxygen 
supply system ensures continuity and reliability 
of supply at consistent high purity at 

minimum cost. 


The engineering research and development of 
Air Products Inc. of America, the leading 
builders of Tonnage Oxygen Plants in the 
world, are now available through Air Products 
(Great Britain) Ltd., who will advise on any 
problem relating to oxygen/nitrogen 
production, low temperature plants, gas 
liquefaction or separation processes, 





Air Products 


(GREAT BRITAIN) LIMITED 


ST. GILES HOUSE - 49-50 POLAND STREET - LONDON - W.1 
Telephone: GERRARD 0616 (10 lines) 
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load per lift 
tons per da 


They guarantee: 

Maximum all-day handling capacity. 
Safe manipulation and quick release. 
Longer life due to solid impregnation 


Economical operation. 


BROOKHIRST IGRANIC LIMITED 


Headquarters: BEDFORD WORKS - BEDFORD 
orks at: BEDFCRD and CHESTER 
Area Offices: Birmingham Bristol Cardiff East Anglia Glasgow Leeds 
London Manchester Mid-Southern Newcastle Nottingham Sheffield 
Belfast 
Makers of Britain's most rugged and dependable lifting magnets 


Metal Industries Group 
rectangular, circular, bi-polar, multi-polar—a range of over thirty. 


January, 1960 











CRAVEN BROS. 


CRANE DIVISION LTD. 


MANUFACTURERS 
OF ALL TYPES OF 
STEELWORKS CRANES 


CRAVEN BROS. CRANE DIVISION LTD. 
LOUGHBOROUGH ~—=_ ENGLAND 


TELEPHONE LOUGHBOROUGH 2130 
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REFRACTORY CONCRETE 


Refractory Castables are poured and cast like structural Concrete, and being 
readily available are finding many applications, particularly for preparation of 
special shapes at site. 


THERMAL MAXIMUM 
HARDENING TEMPERATURE ibs. /Cu. Ft. 
TEMPERATURE OF USE 


HOW TYPE OF 
SUPPLIED REFRACTORINESS = setting 





Stein Refractory 
Concrete 


Stein Super 
Refractory Concrete 
No. 16 


No. 17 
No. 18 


Stein Chrome 
Concrete 


i 


Use our advisory service based on 70 years experience in the refractory field—it can improve 


your furnace efficiency. For further information write, phone or call: 
JOHN G. STEIN & CO. LTD. Bonnybridge, Scotland 
TEL: BANKNOCK 255 (4 LINES) 


January, 1960 13 





CHEMICO GAS SCRUBBERS 


PEASE ANTHONY VENTURI: PEASE ANTHONY CYCLONIC:S-F VENTURI 


These versatile scrubbers have been installed in many plants 
throughout the world for the eliminating of atmospheric 
pollution, cleaning process gases and the recovering of valuable 
materials from gas streams by the wet scrubbing process. 


Write for illustrated Technical Bulletin No. 459 


CHEMICO GAS 4CRUBBERS] FOR tnt 





CuHEMICO 


CHEMICAL CONSTRUCTION (G.B.) LTD., 9, HENRIETTA PLACE, LONDON. W.! Langham 6571 
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OVERHEAD CRANES FOR INDUSTRY 


2) FULLY ROTATING UNDERSLUNG 
CRANE 


SPECIAL 


SERVICE 


This specially designed Electric FO R 
Overhead Travelling Crane has an 

underslung jib which revolves A . C “ | T f 6 TS 
in a complete circle, thus giving 

maximum hook coverage over the AND 

floor area, and also enabling 

loads to be transferred to adjacent P LA N N N G 
bays. The positioning of the S J RY FY 0 R § 
controls gives the operator an 
excellent view of the load. 

This crane is another example of 
the flexibility of our design. 
When you have a lifting problem— Engineers who are contemplating 
call in John Smiths ! 





Architects and Planning 


the incorporation of overhead 
cranes in new buildings or 
extensions are invited to write 

for our Table of Clearances, 
Weights, Wheel Loads, etc., for 
Standard E.0.T. Cranes. Advice on 
all lifting problems gladly 


supplied by our technical staff 
JOHN SMITH (KEIGHLEY) LTD Deere , ee 
P.O. BOX 21. THE CRANE WORKS - KEIGHLEY - YORKS without obligation. 


Telephone: Keighley 5311 (4 lines) Telegrams: Cranes, Keigt 
London Office Southern Counties Once 
ickingham House, 19-21 Palace St Brettent um H é 
ter, London, S.W.1 l ter Place, L 
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Ornate stirrup with arabesque 
design typical of sixteenth centur\ 


German workmanship 


Something 


special... 


The finished product reflects a skill and an intimate knowledge 
of his materials which justify the pride of the craftsman. 
Here at Consett we are proud of our long-standing 
reputation for the production of fine quality 
mild steel—proud too of the recognition earned for the 
development of special quality steels for particular applications. 
We have recently produced a most interesting 
and informative booklet—*Steels for the Job”— which 


we think you should read. May we send you a copy? 


STEEL PROM Ge 


CONSETT IRON COMPANY LIMITED - CONSETT « CO. DURHAM 
Telephone: Consett 341 (12 lines) Telegrams: Steel Phone Consett 





Our Technical and Research Department will also welcome enquiries from any whose problem is ... . STEEL 
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Where there are steelmakers... 


STEELWORKS EQUIPMENT 


LADLE, SOAKING PIT & STRIPPING CRANES 


OVERHEAD TRAVELLING CRANES + CHARGING MACHINES - 


‘ay N-ALLIANCE” ao 
ae er mchurch Street, ont mek ps en 





fan icerporating the steelworks diets fo 
Aoamsg “a & CO LTD + HYDE’** 
Vii) BES ha: Ub _ WELLINGTON » SA 
Lys ld | : ys By) : “ae yy \ 


if ry \ 





FORGING MANIPULATORS 

















HEAVY 


ELECTRICAL PLANT 


hydro-electric generating equipment 
mining and rolling mill machinery 


large industrial drives 


ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


HEAVY PLANT DIVISION RUGBY & MANCHESTER, ENGLAND 


AS461 
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Gleam raising 
r industry 


, ar 
Sg aN 


b 
p ee 


4 
. 65,000 | 
Final Steam Pressure 375 





7 toy 4 


relying moré 


Bact —S. 
psi Gs i? 


CHEMICALS 


BUILDING 
BRICKS 


REFRACTORY 
BRICKS 


| he K.I.P. range includes lightweight insulating firebrick in 6 
grades for temperatures up to 1500 C—‘back-up’ 


POTTERY 
insulation up to 850°C and insulation 


castables up to 1300°C. 


SANITARY 
WARE 


KINGSCLIFFE i 


INSULATING PRODUCTS LTD. 


HEATING 
EQUIPMENT 


Head Office: STORRS BRIDGE WORKS LOXLEY - NR. SHEFFIELD Tel. 343844-5-6 


of the MARSHALL REFRACTORIES GROUP of Companies 


KIP.31 
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BRITISH 
ENGINEERING 
COMBINED WITH 
THE MOST MODERN 
AMERICAN PRACTICE 
& EXPERIENCE 





FOR 
HIGH DUTY 
AND 
MALLEABLE 
CASTINGS 


The seven standard grades of Stanton Dale Refined Pig Iron 


GRADES: A B . D E F G 








SILICON®,, 1-4-1-6 | 0-9-1-1 | 2:25-2:5 0-9-1:1 | 1:4-1-6 | 1-9-2:-1 





SULPHUR®,, 0-07 0-08 0-05 0-08 0-07 0-06 








PHOSPHORUS”, 0-6-0:7 0-6-0-7 | 0-4-0-5 0-25 0-25 0-25 





MANGANESE”, 0-8-1:5 0-8-1:'5 0-8-1:'5 | 0-8-1:5 | 0-8-1:5 0-8-1-5 | 





TOTAL CARBON”, 2.7-3-0 2-8-3-1 


In addition to the above other grades of Dale Refined Iron can be 
supplied to meet more exacting demands which call for alloy additions 
and special processing. 


STANTON 60 70 (445 PIG TRON 


THE STANTON IRONWORKS COMPANY LIMITED NEAR NOTTINGHAM 
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BRITISH STEEL 


AT ITS 


BEST 


CARBONS UP TO 1.0%, 
\ DEEP STAMPING 

; AND 
, RIMMING 
+g FREE CUTTING 

v LEAD BEARING 
JOHN LYSAGHT'S SCUNTHORPE WORKS LIMITED 


} NORMANBY PARK STEEL WORKS, 
SCUNTHORPE, LINCOLNSHIRE. 


Tele. 2271 ( 7 limes) 


l) 


5. hia 














Target beaten in 


At the Ebbw Vale Steelworks of Richard 
Thomas and Baldwins Limited re-motoring of 
the continuous hot strip mill was accomplished 
in only 19 days—one day ahead of schedule. 
This operation involved the removal of 1,500 
tons of equipment and its replacement by new 
machinery. 

The G.E.C., as the main contractors for the 
finishing mill electrical work, operated in close 
collaboration with Richard Thomas and 
Baldwins Limited and the Consulting Engineers, 
McLellan and Partners. The contract covered 
the supply and erection of the main drive 
motors, rectifiers, transformers, d.c. circuit 
breakers and all protective, control and instru- 
mentation equipment for the finishing mill. 


The mill couplings were then fitted. The new total of 23,000 horse- 
power will give the finishing mill a substantially higher output than 
the former capacity of 16,000 tons per week. 


With the new, more powerful motors lined up behind the old, and 
with much of the associated equipment already installed, every- 
thing was set for the changeover. 


From the new, wide-view pulpit, the operators control the rolling 
operations. The mill voltage is automatically set up and checked by 
means of indicator lamps which show when each operation in the 
sequence is complete. 


OF ENGLAND 
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mill re-motoring 


Work started at 9 a.m. on August lst, within minutes of the last § Work went on all round the clock. Winches were used to slide 480 
strip passing over the run-out table, and foundations were quickly tons of motors on heavy beams across the motor room and the 
prepared for the new machines. machines were lowered on to the foundations. 


At 12.40 p.m. on August 20th the mill commenced rolling, so bringing 
the changeover to a successful conclusion in record time. F gear and 19,800 kW of grid-controlled rectifiers which provide power # 
for the finishing train. 


THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND 


Plant Co-ordination Division, Birmingham, 6 
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HYDRAULIC PIERCING 
ANO UPSETTING PRESS J 
- - a 30° 


a 


RING ROLLING MILL 


2) U . ’ Sd 
P) 2 aee 
i io a 


RING ROLLING PLANT 


For making steel rings up to 50in. diameter and 8in. wide. 


THE Ke)a' Ad ENGINEERING COMPANY LTD 
mo: BOURNEMOUTH ENGLAND 
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Here are some of the 


6 (26 
) | advantages of 
n| | ) I( ASI | 7K od the M.S. process: 
7 aU: . 
e 


by 


‘Wits Stein At i Et pgp i) AY Proee: Completely automatic. 


Highly efficient 


and economical. 

Low capital cost. 

Low labour requirements, 
Clean sulphur-free gas, 


Controlled gas 


characteristics. 
Great flexibility. 


No effluent problems. 


The S &A licence for supplying 
this plant covers all industries in 
the U.K. and Scandinavia, except 
for Gas Works and those posses- 
sing coke ovens and/or blast 
furnaces. 


. LONDON 


January, 1960 





NMobUux Crease. is a lithium-base 


lubricant of excellent structural stability and 
purity. It is a new, general-purpose grease 
superseding conventional greases. It provides 
effective lubrication for the majority of grease 
applications over a temperature range from 
minus 20°F to 250°F. It is exceptionally resistant 
to water washing and contains. special 
additives to prevent rust formation. Both in 
the laboratory and in the field Mobilux Grease 
has proved its outstanding efficiency as a 


lubricant and protector. 


MOBILUX 
GREASE 


ECONOMY,SERVICE inNDUSTRIAL LUBRICANTS 
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RANGE OF QUALITIES 


Steels in the carbon range 0.080/0.85% 
Case-hardening steels. 

Free-cutting steels. 

Low alloy steels. 

For machining, bright drawing, forging, 
drop stamping and general engineering. 
RANGE OF PRODUCTS 

Billets from 3” sq. upwards. 

Rounds from 3” to 9}”. 

Hexagons from 3” to 33”. 

Squares from 3” to 4}”. 

Flats in certain sizes. 

Colliery roof supports and accessories. 
Special T.H. yielding arches. 

COILED BARS 


Rounds 2” to 2%” in 500 lb. coils. 
Rounds 3” to 144” in goo Ib. coils. 
Hexagons ;" to &" in §00 Ib. coils. 
Hexagons ii" to 1” in goo Ib. coils. 
Coils may be split if required. 


COLD FORGING QUALITY WIRES 


0.240” to 0.550” in §00 Ib. coils. 
0.§§0” to 1.000” in goo Ib. coils. 
Coils may be split if required. 


























STANDARD AND 
HIGH TENSILE 

FREE CUTTING 
SIEELS 


MILD, CARBON 
AND CASE- 


= HARDENING 


STEELS 


STEELS FOR 
FORGINGS 
AND DROP 
STAMPINGS 














AND ALLOY 
STEEL BARS 


THE PARK GATE IRON & STEEL COMPANY LIMITED ROTHERHAM 


AY) Company TELEX 54141 TELEPHONE : ROTHERHAM 2141 (10 lines) TELEGRAMS: YORKSHIRE, PARKGATE, YORKS 
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follow use of GR SILLMAX 54 


4 
| 


The illustration shows the condition of the pillars and arches 
of a forge furnace in France after /8 months service. The 
eT refractories used were GR Sillmax ‘54 bricks and they 


Department is available for ee oO 
consultation by users in the replaced 40 ( 


selection and application of ¥ . = 
these and other refractories. of 6 eek 5. 


GR Sillmax ‘54° are characterised by low porosity high spalling resistance, 
K ( extremely high mechanical strength and toughness with a marked resistance to 
i 
pean, 
ye 
GR) 


) 


Al1,O, firebricks which gave an average life 


abrasion. Recommended for reheating furnaces, Soaking pit walls and roofs, 
Electric furnace roofs, Regenerator chambers. 


Everything in 
Furnace Linings 


GENERAL REFRAGTORIES LTD 


GENEFAX HOUSE SHEFFIELD 10. Telephone: SHEFFIELD 31113 


411 
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Stafford hire Landscapes 


Imost in the shadow of the new power station, factory chimneys 
se church spires point skywards side by side—silhouetted sym- 


bols of material and spiritual weltare. 


The children who sometimes play in the foreground have much 
for which to thank the early Iron founders, whose skill and 

industry brought to the Black Country prosperity, and a progres- 
sive outlook; creating, as the years went by, new industries and 


cleaner power, better homes and sater playgrounds. 


Progress in Staffordshire, bringing almost every major improve- 
ment in the technique of iron-tounding since 1700, is apparent 


in the landscape of the County as well as in its products. 


y i. } 
For almost a century and a half Pig Iron has been manufactured at 
j ) ; } * , 
Darlaston Iron Works. 7 oda) the most modern methods of mre tallure- 


} a eee ee a ee) i ey P 
ical control of ram’ materials ana the finished pr oaNucl, enables the m to 


Suppl) Pig Lron of consistent uniformity to the most ¢ Nacling specification. 





A BRCP MYCE FOR QUALITY CONTROLLED 
LIMITED REFINED PIG IRON 


DARLASTON STAFFORDSHIRE 
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A proved success—the 
MOTOR 


This type of motor was developed for arduous duties 


such as the drive of rolls on run-out tables in steel mills. 


Its mechanical construction protects it from transmitted 
shocks, vibration, the effect of misalignment of rolls, etc., 
without the use of flexible couplings, and facilitates the 
ready replacement of a damaged roll 

Normally supplied at low frequency (variable when 
variable speed is required), it provides low speed with- 
out gearing and shows considerable advantages in the 
reduction of motor size and losses, particularly on drives 


involving frequent reversal of heavy-inertia loads 


A number of efficient schemes of frequency conversion 


and control are available 


LAURENCE, 





Some of the 210 floating-type motors, and the N-S frequency 


convertor equipment, providing 36 r.p.m. gearless drive for slab 
transfer table rolls, at the Abbey Works of the Steel C 


Wales Ltd 


ompany of 


SCOTT & ELECTROMOTORS LTD 


Specialist Makers of Electric Motors since | 883 
NORWICH, MANCHESTER, LONDON & BRANCHES 
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Pipi 
* 


*" Contvol Gear on 


for 


The photograph shows a 2,300 H.P. 600 volts Contactor Switchgear Limited manufacture 
D.C. Shunt (Stability Compounded) motor automatic electric control gear (up to 6,600% 
control panel incorporating a motorised and 650v. D.C.) for Steel Works, 
preset shunt field regulator, ‘inch forward’, Power Station Auxiliaries, Water Works, 
‘inch reverse’ features and emergency : 

sustained dynamic braking for a *‘Cross 


Country’” steel rod mill. 


May we have your enquiries for steel 


works automatic control gear? 





CONTACTOR SWITCHGEAR LTD. 
BLAKENHALL : WOLVERHAMPTON - ENGLAND 
Telephone : Wolverhampton 25911 /7 Telegrams : TACTORGEAR Wolverhampton 
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METALLURGICAL ENGINEERS 





We specialise in the design 
and manufacture of high 
temperature recuperators 
and gaseous heat exchangers. 


We should be glad to 


prepare designs to meet 


your individual requirements 





FOR EXAMPLI 


METALLURGICAL ENGINEERS LTD. 
S-1S CROMER STREET, LONDON WC1. Terminus 8689 








7 Ma *Y FH wit 
=a = a 


mae 
ic ee 


pin — = a 
ZIMMERMANN & JANSEN WORLD - ke au, oF RANE 8 ™ 
AUTOMATIC STOVE CONTROL <A! <c 


FAMOUS SACK Loom ano stas sHean 
PLANT 


SUPPLIED BY 


Oday 


DMM (MACHINERY) LTD 


UNIVERSAL HOUSE 
60 BUCKINGHAM PALACE ROAD 
LONDON, SWI 
Telephone : 
SLOANE 0701 (3 lines) 





! 


itr ae tt Th tl TY aS te ey TS ES TY EY Tt 
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ZIMMERMANN & JANSEN f_" 


CRUDE GAS VALVE 
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LURGI sinter cooter 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





MORE THAN 400 


REAVELL-ASKANIA REGULATORS 


HAVE BEEN SUPPLIED TO 


THE STEEL COMPANY OF WALES 


REAVELL & co. LTD. Reavell-Askania Regulators. Instrument 


Panels. Complete Instrument and Control 
Schemes designed, installed & commissioned. 


REAVELL FAHIE LTD Project studies and reports. 
- & 


RANELAGH WORKS IPSWICH. 





Oph aelvet-humpaciein-nel-aver-ham-herel 
bi-polar magnets are part 

of the wide range of 

electric magnets made by 
The General Electric Co. Ltd. 
Please ask for Technical 


Descriptions Nos. 315 & 379. 


Witton-Kramer lifting magnets 


THE GENERAL ELECTRIC COMPANY LIMITED, 
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AERIAL VIEW OF IRLAM WORKS Photograph by Aero Pictorial Ltd 
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(HEAD OFFICE:) 
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CIVIL ENGINEERING 

INDUSTRIAL PIPEWORK 
MECHANICAL ENGINEERING 
PIPELINE CONSTRUCTION 
PIPEWORK & VESSEL FABRICATION 


PLANT ERECTION 


WILLIAM PRESS & SON LIMITED 


22 QUEEN ANNE'S GATE 
WESTMINSTER - LONDON - SW1 
Telephone WHItehall 5731 (8 lines) 

WITH DEPOTS THROUGHOUT THE COUNTRY 
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STEPHENS’ 


Super Grade Low Alumina 
Silica Brick 


FINE SILICA CEMENT FOR 
SETTING SILICA BRICK 


< 


STIGNIC CEMENT FOR BASIC 
“SM STEEL LADLES 


KILN CAPACITY OVER . 
I+ MILLION BRICKS SPECIAL FIRE CEMENTS for all 
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STEPHENS’ SPECIAL ELECTRIC 
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< REGENN' BRICK without doubt the best 
Brick for Soaking Pits, Checkers, and 
Regenerator Chamber Walls 


Stephens SILICA BRICK CO.,LTD. 
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BARROW 
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LIMITED 


MANUFACTURERS OF 

BARROW-KINNEY Blast Furnace and Hot-blast Stove Equipment including Goggle Valves, 

18” to 108” for crude and clean gas - self-cleaning sprays — hot-blast valves - cold-blast valves - 
chimney valves - etc. 

SPECIAL MACHINES AND PROTOTYPES to clients’ specification 

PIG IRON - ‘Hematite’ and ‘Sem-Phosphoric’ to all specifications for Steelworks and Foundry require- 
ments 

Deliveries by rail or road transport 

Illustrated: Automatic Cutting and Straightening Machine for BARROW STEELWORKS LTD., and reproduced 

by permission 
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IN VARIOUS PARTS OF THE WORLD 


MIXER CARS 
HOT METAL LADLE CARS 
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ECONOMICAL TRANSPORT OF MOLTEN METAL 


@ LARGEST CAPACITY CARS ARE WITHIN STANDARD OTHER SPECIALITIES 
RAILWAY LOADING GAUGE MORGAN GAS MACHINES . SOAKING 
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another THORNTON contract 


This insulated Transfer Car is one from a large contract 
recently supplied to Messrs. Colvilles Ltd. They are fitted 
with removable covers and insulated for conveying two 20 tons 
hot ingots. The Transfer Cars are made to suit British Railways 
standard gauge. 


[fits a heavy engineering contract — Try Thornton First 


B. THORNTON LTD. 


Turnbridge, Huddersfield Telephone: Huddersfield 7541 
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The effect of faster driving on 


thermal efficiency and roof wear 


C. Holden and A. Hogg 


THE OPEN-HEARTH FURNACE has been the major steel- 
producing unit for the past eighty vears in which time 
only minor improvements on Siemens, original design 
have been made. Two of the advantages claimed for 
this process are ability to handle wide variations in pig 
iron /scrap ratio and ease of control. Recent develop- 
ments in the pneumatic processes, however, in which 
good flexibility and control are also claimed, and the 
advent of tonnage oxygen, have pres nted a serious 
challenge to the OH steelmaker. If, in the future, the 
OH to become obsolete some means 
must be devised to increase both its thermal efficiency 
and production rate 

The thermal efficiency of an OH furnace may be 
improved by changes in combustion practice, e.g. the 
use of oxygen, and multiple burners. Any improve 
ment in thermal efficiency will give an increase in the 
production rate if the oxidation rate of the bath is not 
retarded by the changes made. A further means of 
increasing production is to increase the fuel input. 
However, the thermal efficiency must not be allowed 
to decrease if the process is to remain competitive. 

It has often been suggested that there is an optimum 
fuel input for every OH furnace, above which the 
thermal efficiency decreases. Undoubtedly the fuel 
rate may be limited by the capacity of the flue system, 
but even so, with the use of oxygen for combustion the 
limiting value is usually far in excess of any thermal 
loadings so far envisaged. 

Experiments with higher firing rates than normal 
have been carried out on an OH furnace with a single 
regenerator, slag pocket, and uptake system at the 
Templeborough melting shop of Messrs Steel, Peech 
and Tozer. The normal firing rate used on this cold 
charged fixed furnace shop is 375 gal /h, but during the 
experiments up to 500 gal/h were used with no change 
in the standard furnace design other than the use of a 
basic root 


furnace is not 


ends and checker bricks, and twin burners. 


Manuscript received 27 October 1958 
Mr Holden is Head, and Mr Hogg 


Research Section of The 


is Senior Assistant in the 
United Steel ¢ 


Research and Development Department, Rotherham. 
i I 


Furnace ompanies 


SYNOPSIS 
Expe riments with higher firing rate S are he ing made on 


the Te mpl horough melting shop of Mes rs Steel Peech 


and Torx r During a campaign on an all -hasic furnace 


fitted with twin hurners re yular measurements of the root 


thie kine SS 
ol the 


were made 


distributed over the 
From the Sé the rate of 


wear ol the roof has hee WW ASSOSSE d at Various 


at positions 


whole Midi furnace CTOMWTN, 
stages during 


The ‘ flect of rarying the positions ( f 


} 
on the te mperature and the won oxide de- 
/ 


the whole cam paign 
the burners 
posited at these positions has heen studied and an atte mpt 


has been made to assess their effect on refractory wear. 


The thermal efficiency of the furnace was also measured 
and was found tob than that « 


howe? f other furnaces in 


reduced 
1649 


the melting shop hecrause of a 


j 
substantially 


combustion air te m pe rature 


It was considered that the basic roof was an essential 
part of the experiments because of the limiting safe 
temperature which would have been imposed by silica. 
Twin burners were used to obtain a saving in steam 
usage and because from the predictions reported in 
ISI Special Report thermal 
efficiency was expected. 

The first trial! of a higher firing rate with twin 
burners and basie roof lasted the whole of a 12-week 
campaign beginning at the end of April 1957. The 
furnace roof was constructed from first class quality, 
fired, chrome—-magnesite bricks 


no.b9, an increase in 


using a continental 
tvpe of suspension with sprung skewback. A maximum 
firing rate of 500 gal/h was used and the roof tempera- 
ture limit set at 1750°C. The furnace, which was 
preferc ntially charged, made 21430 tons of steel at the 
rate of 11-4 tons/gross h, a fuel consumption 
of 36-0 gal/ton; compared with the 
during this period of 8-7 
gal/ton. However, the roof wear was severe, particu- 
larly along the centre and, although the output rate 
and fuel consumption were encouraging, they were not 
as good as was expected on theoretical grounds. 
Therefore, during the next campaign with a higher 


with 
shop averages 
tons/gross h and 35-8 
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Holden and Hogg Effect of faster driving on OH furnaces 


(a) 
































Bath level 
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Roof level 
Burners at 8 ft 6 in. centres on inside of uptake wall and symmetrical about its centreline. Burner angles are stage side and 6° pit 
I e } 
side 


Flow patterns in water model 






























































Roof level 
Burners at 6 ft 6 in. centres. Pit-side burner displaced 2 ft towards stage side. Burner angles are 4° stage side and 0° pit side 


2 Flow patterns in water model 
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3 Mixing contours as values of air/fuel ratio 


firing rate, twin burners, and basic roof, a study was 
made of the thermal efficiency of the furnace and the 
effect of burner positions on roof wear. The results 
obtained during these trials are reported here. 


MODEL EXPERIMENTS 
The severe central roof wear experienced during the 
first campaign with twin burners was different from 
the wear pattern usually associated with single burner 
firing, i.e. guttering above the back and front walls. It 
was suggested that this was due to the impact of the 
twin flames upon each other. Model tests were there- 
fore carried out to see whether this feature was present 
and also to determine, if possible, the optimum posi- 
tion of the burners. 

The water-model tests were made on a 1/24th scale 
model with the burners at a spacing equivalent to 


Burner measurements from in 
side wall of uptake. Symmetrical 
about uptake centreline, 8 ft 6 in. 
Inclinations 


apart pit side 6°, 


stage side 4°, slopes | in 5 


Burner measurements from in 
side wall of uptake. Pit side 
2 ft 3 in. from centreline, inclina- 
tion O°. Stage side 4 ft 3 in. from 
centreline, inclination 4°, Slopes 
lin 5 


Burner measurements from in 
side wall of uptake. Pit side 
2 ft 3 in. from centreline, inclina 
tion O°. Stage side 4 ft 3in. from 
centreline, Slopes 
lin 10 


inclination 4 


8-5 ft centres on the inside of the uptake wall and 
symmetrical about its centreline. The stage-side burner 
was angled 4° and the pit side 6° towards the centre- 
line of the furnace. These were the positions used 
during the preliminary experiments on the furnace. 
The flow patterns obtained are shown in Fig.la and 
b. It ean be seen that the combustion air hugs the 
roof for a quarter of the furnace length until it meets 
the recirculating gases which have run up the walls 
and along the roof. There was a tendency for more 
flow up the back wall than the front wall with a 
general trend at roof level from pit to stage side. In the 
downtake the flow was uniform. There was no indica 
tion of flames impacting on one another, but the effect 
of varying the horizontal burner angles was examined 
and it was found that there was a critical angle for the 


stage-side burner. A reduction in the inclination 
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4 Design of normal ‘Templeborough’ furnace 
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TABLE |! Oil and steam flows and burner thrusts for different 


burner settings 





Maximum Maximum Nozzle 


Approximate 
oil 


Setting steam size, in. burner thrust, lb 


l 485 


75 (Combined thrust 
of twin burners) 

2 470 5 , 75 

i] $70 75 

1 500 


Normal 
shop practice 


100 o- 


85 (Single 


” 
375 burner) 





towards the centreline from 4° to 2° tended to pull the 
flame on to the front wall. 

A second position of burners was also tested in 
which the pit-side burner was transferred 2 ft towards 
the stage side. The pattern obtained with this setting 
was almost the same, although a little more sym- 
metrical (Fig.2). 

No firm indication was obtained from the water- 
model tests as to burner settings. Consequently tests 
were made with an air model. 

The mixing patterns in the air model were obtained 
for three burner settings: 


(i) Burners at 8-5 ft centres on inside of uptake wall and 
symmetrical about its centreline, pit-side burner angle 
6°, stage-side burner angle 4°, slopes 1 in 5, This setting 
of the burners was roughly that used during the first 

basic roof campaign. 

Burners at 6-5 ft centres, pit-side burner displaced 2 ft 

towards stage side, pit-side burner angle 0°, stage-side 

angle 4°, slopes 1 in 5. 


(iii) As in (ii) except for slope of 1 in 10. 


It can be seen (Fig.3) that moving the burners closer 
together gave a slightly shorter flame length and also 
eliminated most of the back wall bias at bath level. It 
also tended to give a better distribution at roof level. 
With the third burner setting, in which a shallower 
angle was used, the stoichiometric contour did not 


TABLE Il! Readings taken on trial furnace T.M.S., 22.1.58 


TABLE Comparison of heat times for trial furnace and 


rest of shop 





Trial furnace Average for shop in 1957 
Time, 9 
h min 


lime, 
min 


, Charge », Charge 
to tap 

41 42 

43 33 

45 25 


36 


to tap h 
43 + 
16 36 3 
2 23 2 

l 


Charging 3 

Melting 3 

Retining 2 
1 


Fettling 17 





touch the bath and the mixing contours at roof and 
bath levels were almost identical. This setting would 
be expected to give mixtures much richer in fuel under 
the roof and probably higher roof temperatures than 
the other two settings. 

From the observations made on the flow pattern and 
mixing characteristics of the models, it was concluded 
that there was no ‘flame splash’ on the roof, caused by 
the flames impacting, with any of the burner settings 
examined. However, water-model tests showed that 
there was strong recirculation along the centreline for 
all burner positions. The displacement of the pit-side 
burner towards the stage side gave a more even mixing 
pattern at the roof, which suggested a better roof 
temperature distribution. Consequently it was recom- 
mended that on the basis of model results this was the 
best setting, although the positions of the burners did 
not appear to be critical 


PRODUCTION DETAILS 

The trial furnace (Fig.4) was one of fourteen similar 
cold-charged fixed OH furnaces at the Templeborough 
melting shop of Messrs Steel, Peech and Tozer. The 
average charge composition for the melting shop was 
60% steel scrap and 40°, basic pig iron and cast iron 
scrap, the pig iron having a phosphorus content of 
1-5°,. A wide range of qualities is made, the specifica- 
tion varying from 0-06°,C fully rimming t 
1-0°.C fully-killed steel. 
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TABLE IV Heat losses to water cooling and through furnace 
brickwork 





Btu/h 10-6 





Heat losses to water cooling 
Water-cooled channels 1-44 
Door frames 5°03 
Burner jackets 

Heat losses through brickwork 
Walls 
Roof 
Hearth 





The roof was constructed from unfired steel-cased 
chrome—magnesite bricks with double steel inserts. 
using a continental suspension with a sprung skew- 
back. The roof was of uniform thickness (15 in.), two 
rings in five being supported by wires passing over 
T-bars and through ‘tab-hangers’ incorporated in the 
metal casings of the bricks. The skewback springs 
were not adjusted at any time during the campaign as 
no abnormal movement was observed. In an attempt 
to reduce the roof wear the temperature limit was set 
30°C lower than that of the first campaign, i.e. 1 720°C 

The furnace received no special attention as regards 
charging facilities and scrap quality whereas pre- 
viously preferential treatment was given. Because of 
this the charging times were, on average. 24 min longer 
during the second campaign with no significant change 
in the melting and refining times. Full advantage may 
not, therefore, have been taken of the increased firing 
rate 


The four burner settings used were: 


Setting 1—Burners 8-5 ft centres, symmetrical about uptake 


centreline, pit side angled in 6 angled 


, Stage side 
in 3°, slopes I in 5 


Setting 2 Burners 4-0 ft centres, symmetrical about uptake 


centreline, pit side angled in 0°, stage side angled 


in 3°, slopes 1 in 5 
Ne tling 3 Burners 5} ft centres, stage-side burner displac ed 
1 
1} ft 
> 


setting 2 


towards charging side, otherwise as 


Setting 4—-As for setting 3 but increased nozzle size. 


PERATURE AND WASTE 


TEM 
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TABLE V_ Heat balance 





Item 

Fuel 100 ( 

Preheated air ¢ 41-8 | 
3 


Fuel input, ° 


Exothermic reactions ( 6 
3 


Total 
Sensible 
Steel 


Slag 


heat of 


eat losses 

Water « 

Through brickwork 
and hearth 


lo wast« 


pauses 

Through doors 
blowing out) 

By radiation througt 


doors and openings 


Total 





The maximum oil and steam flows, nozzle sizes, and 
thrusts for the trial furnace and the rest of the shop 
are given in Table I. 

Owing to influencing factors, such as quality of 
scrap, it was considered better to make a comparison 
with the rest of the melting shop when quoting pro 
duction figures. Thus at the end of the campaign it was 
found that this furnace when fired at a rate roughly 
32°, higher than the shop average and using twin 
burners gave an increase of production of 22-5%, but 
with an increase in fuel consumption per ton of 8-7% 

Throughout the campaign there was little change in 
output except for the first two weeks when the pro 
duction rate was relatively higher (11-2 tons/gross 
h first two 10-4 weeks 3-10 
inclusive). This may be because the burners were more 
widely spaced during the first two weeks, as they were 
during the previous basic roof campaign when the 
production rate was 11-4 tons/gross h. 

The time taken for the relative parts of the heat 
have been compared with the shop averages for 1957 
and are given in Table LI. 


weeks, tons/gross h 





Roof, waste-gas, and preheat temperatures 
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REVERSAL 


it can be seen that the speeding up of the process 
was not confined to any particular phase of the heat. 
However, the relative gain during melting was less 
than during the other parts of the heat, which was 
contrary to expectation. The fettling time was also 
shorter, although the practice of fettling with oil off 
was not altered. During this operation the roof tem- 
perature dropped to as low as 1040°C. 

Xefractory wear was increased throughout the 
furnace structure. Severe central roof wear was again 
obtained. This will be discussed in detail in a later 
section. 


THERMAL EFFICIENCY OF THE FURNACE 


Although the ultimate aim of any steelmaker is to 
produce steel as quickly and economically as possible, 
production data and fuel consumption alone are not 
always good criteria for establishing the effect of any 
change in practice. For instance, any effect which 
increases the combustion efficiency of an OH furnace 
is not necessarily a good change from a metallurgical 
point of view and vice versa. The use of twin burners 
was originally conceived as a means of enabling more 
fuel to be burnt in the same furnace length without the 
necessity of using more steam. It was hoped that an 


TABLE Vi Calculated heat transfer rates using mathematical 


model 





Heat 
transfer, 
Preheat, Btu/h 
Cc 10-*% 


Difference in 
heat transfer 
Efficiency, with respect to 


(a), % 


Fuel input, 





375 
500 
375 
(twin burners) 
500 


twin burners) 
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Variation in heat transfer to the charge throughout the test period 


increased thermal efficiency would also be achieved as 
predicted in ISI Special Report no.59. A means of 
testing the thermal efticiency during the charging and 
melting down periods was necessary and hence a heat 
balance was constructed, though for one cast only. 

The heat balance was constructed for the burners at 
setting 2, ie. 4 ft apart and symmetrical about the 
centreline. A flow of 470 gal/h with a steam /oil ratio of 
roughly 6:1 lb/gal was used, the steam flow being 
limited by the size of the burner nozzles (~ in.). 

Values of the oil, steam, and air flows, furnace 
pressure, and roof temperature, were taken from the 
furnace panel. In addition measurements were taken 
of waste-gas analysis, preheat and waste-gas tempera- 
tures at one end, and preheat at the other end. The 
data are given in Table III. Heat losses from the 
furnace brickwork and to water cooling were also 
measured (Table LV). 

A heat balance has been constructed for the period 
began charging to fully melted, Table V, in which the 
sensible heats of the steel and slag were calculated 
from their temperatures and weights. 

As can be seen in Table V the two sides of the heat 


dingle 


burner 
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. 1Z 
CTANIC 
STANCE 


FROM BIJF 


€ emissivity f flame width as fraction of bath widt! 
x fraction of fuel burnt 


7 


Values assumed in mathematical model 





8 Section across roof of normal ‘Templeborough’ furnace 


balance are not equal, but they do not differ by more 
than the experimental error. Thus the thermal 
efficiency of the furnace for the period begin charge to 
fully melt was 26-3°%, when referred to the fuel input, 
compared with a figure of 30°, for the rest of the shop 
which is fired at a rate of 375 gal/h with a single 
burner. Assuming the heat transfer to the bath from 
the exothermic reactions is 100°, the relative rates of 
heat transfer from the fuel to the bath are approxi 
mately 18 10° Btu/h for the twin burner furnace, 
and 14 10° Btu/h for the rest of the melting shop 
during the same weeks. 


The temperature of the waste gases was measured 
by means of a venturi pneumatic pyrometer. It was 
found that this measurement was subject to errors due 
to condensation inside the probe which had to be 
cleaned frequently. Hence, during reversals, 
temperatures were not obtained and during others the 
A graph has, therefore, 
been drawn from the measured values excluding those 
which were suspect and is shown in Fig.5, along with 
the preheat and roof temperature data. Using the pre- 
heat and waste-gas temperatures shown, a heat balance 
has been constructed for each reversal for the heat 
transfer from the flame to the charge. Because the heat 
balance does not exactly balance and the sensible heat 
to the charge must be obtained by a different method, 
the area under the resulting curve, Fig.6, gives too 
high a value for the total heat transferred to the 
charge. However, it can be seen that during the early 
charging period when pressed bundles were being 
charged, the rate of heat transfer was only about half 
that when the pig iron and heavy scrap were being 


some 


values obtained were suspect 


Y 
, Back wall 
Rotherham end : : Sheffield end 


~— 


9 Plan of roof showing test positions 
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charged. During late melting down the rate of heat 
transfer dropped rapidly. 

Although the effect of materials charged may, from 
the above conclusions, radically alter the efficiency of 
the OH furnace it cannot explain the fact that the 
trial furnace had a significantly lower thermal efti- 
ciency than the rest of the furnaces in the shop. There 
must therefore, be some other factor. The tests showed 
that the most serious change which was brought about 
by increasing the fuel input, was a drop in the preheat 
level from about 1050°C to 900°C, indicating that the 
checkers were inadequate for the higher fuel rate. As 
there no change in checker volume for the 
increased fuel flow to maintain the preheat 
level the temperature of the checker matrix would 
have to be increased, such that the sensible heat of the 
combustion air was increased by 32°,. However, the 
waste-gas temperature did not vary greatly with in 
creased fuel flow so that the temperature at the top of 
the matrix was substantially the same. If the tempera 
ture throughout the matrix had been unchanged the 


was 


a) wear pattern after 51 days wear pattern after 88 days 


10 Wear pattern for roof of trial furnace (contours denote inches 


of brick worn away) 
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Photograph across midsection of the roof at the end of the 
campaign of the trial furnace 


calculated drop in preheat is about 250°C. The actual 
change in preheat of 150°C suggests that because of 
the larger volume of waste gases the bottom of the 
checkers were hotter with the increased fuel flow. 

The heat losses through the walls and to the water 
cooling were not excessive, but there was a further loss 
of heat which was not usual for the rest of the shop. 
This was an increased blow-out of waste gases due to 
high furnace pressure. 

In the light of the experience gained by these trials 
calculations were made of the heat transfer in the OH 
furnace using the mathematical model developed by 
Thring,?:? in which the effects of preheat, firing rate, 
and multiple burners were examined (Table V1). The 
assumptions as to the emissivity, mixing, and width of 
the flames are shown in Fig.7. Furthermore it was 
assumed that the flame length was the same for twin 
burners as for a single burner and air infiltration and 
recirculation neglected. The theoretical heat 
transfer obtained by these calculations was higher 
than the actual values obtained on the furnace. How- 
ever, the calculations showed that a drop of 150°C in 
the preheat level gives a decrease in the heat transfer 


were 








rate of about 13°, and that the use of twin burners 
firing at 500 gal/h with a preheat of 900°C should only 
give 28°, more heat transfer than a single burner 
firing at 375 gal/h with a preheat of 1050°C. This is in 
good agreement with the values obtained from the 
furnace where the heat transfer during the charge plus 
melt period with twin burners was 28-5°, greater than 
the rest of the shop. 

In conclusion, therefore, although theoretical caleu- 
lations show that the thermal efficiency of an OH 
furnace should increase by the use of twin burners, 
their effect in this particular case was more than offset 
by a drop in preheat. If a single burner was employed, 
increasing the firing rate of this particular furnace 
from 375-500 gal/h would be expected to give a lower 
thermal efficiency and hence a higher fuel cost, even 
with the same preheat. Thus, the preheat level must 
be maintained no matter what the firing rate and, for 
this design of furnace, any increase in firing rate must 
be accompanied by an improvement in combustion 
conditions, e.g. the use of twin burners. 


ROOF WEAR 

The usual wear obtained for this design of furnace fired 
by a single burner is indicated in Fig.8. This shows 
guttering above the front and back walls with a 
relatively untouched centre of the roof. For the first 
campaign with twin burners when a basic roof was 
installed, it was found that after 6} weeks a patch was 
required along the centreline between the first and 
third doors. The wear pattern had therefore been 
changed from one of guttering above the back wall to 
guttering along the centreline. A similar wear pattern 
was observed for the silica roof installed for the follow- 
ing campaign. In both cases the burners were at 8-5 ft 
centres slightly inclined towards the centreline. There- 
fore experiments were made on the actual furnace to 
determine if changes in burner position had any effect 
on the wear pattern. 


Twenty-two roof bricks were drilled with 4-in. holes 


Settina 4 





12 


Variation of roof thickness with time 


Journal of The Iron and Steel Institute January 1960 





and installed in the roof at the positions shown in 
Fig.9. These were then used for three types of measure- 
ment: 


(i) Roof thickness measured by means of alumina probes 
the roof The 


from the position of the stain on the probe 


inserted through thickness found 


was 


Roof temperature, measured by means of 
20°, Rh—-Pt 
sheaths 


5°, Rh-Pt 


thermocouples in recrystallized alumina 


These were made to protrude } in. into the 
furnace atmosphere as it was found that thermocouples 
in this the best indication of the skin 


position gave 


temperature of the roof 
Flux deposition rate,4 measured by inserting alumina 
probes through the roof at each measuring position so 
that they protruded 1} in. into the furnace atmosphere. 
After a period they were withdrawn, and the bottom 
off and analysed for 


inch cut its total iron content 


Roof thickness 


Measurements of the roof thickness were taken at all 
positions every three or four days. In this way it was 
possible to obtain the rate of wear throughout the 
campaign for any region on the roof. A similar wear 
pattern was obtained for the first three burner settings 
tested. Figure 10 shows the state of the roof after 51 
days, and at the end of the campaign (88 days). It can 
be seen that the centre of the roof is the centre of the 
wear pattern. However, when the steam /oil ratio was 
increased for the fourth burner setting it was found 
that there was a tendency for the wear to move 
towards the ends of the roof and towards the back 
wall. Figure 11 shows a cross-section of the roof at the 
end of the campaign. 

An interesting feature of these measurements was 
that the roof appeared to increase in thickness from 
time to time as shown in Fig.12. This was presumably 
due to either swelling of the bricks or sagging of bricks 
cracked behind the face. Also for the six positions 
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Roof temperature survey, setting 2 
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TABLE VII General roof temperature level for each burner 


setting 





Burner setting 


> 
e max. temp/ce 1739 ¢ 
© min, temy L071 ¢ 

range 66S ¢ 


1700 ¢ 
1040 ¢ 
OoY ¢ 


1733 ¢ 
1oud ¢ 
639 ¢ 


cast 
ot temp /cast 





shown, it should be noted that a sharp decrease in root 
thickness at position 22 (the centre of the roof wear) 
was always followed by a sharp decrease over the rest of 
the roof, but with a short time delay and similarly with 
an increase in roof thickness. Thus the roof appeared 
to swell, followed by spalling and this process appar 
ently spread across the roof from the centre 
position pM 


of wear 


Roof temperature 

It had been suggested that a probable cause of the 
central roof wear was the twin flames impinging on 
one another and splashing on to the roof. Therefore 
roof temperature surveys were made for every burner 
position used to see if there were any abnormally high 
temperature zones. Measurements were made during 
late melting down and early refining when the bath 
was nearly flat-melted and yet the maximum oil flow 
was still being used. In no case was there any evidence 
of excessive temperatures along the centreline of the 
roof, the hottest region being above the back wall on 
the outgoing end as was predicted from model work 
Figure 13 shows the distribution obtained with the 
burners at 4-0 ft centres (setting 2) which was fairly 
typical of the temperature distribution with the other 
burner positions. It was concluded that impingement 
of the flames was not the cause of the wear pattern 
associated with the twin burner system. 

An analysis of the variation in roof temperature 
level throughout the campaign has been made from 
the roof temperature charts which are recorded as 
routine furnace data. The results obtained are shown 
in Table VII, and, as can be seen, there were consider 
able differences in the general temperature level for 
each of the burner settings. 


Fiux deposition 

Flux deposition measurements were made at six posi- 
tions in the roof, 2, 10, 11, 14, 20, and 22 (Fig.9). These 
positions were chosen to obtain a cross-section across 
the wear pattern. 

For position 10 samples were taken for every 
reversal during the charging and melting down periods 
to determine for which direction of firing the deposit 
was greatest. Figure 14 shows the resulting deposits 
obtained wken the burners were at 4-0 ft centres. It 
can be seen that the deposit on the outgoing end was 
6 times greater than that at the incoming end showing 
that the flux is deposited from recirculating waste 
gases. The ratio of the deposit at the outgoing end to 
that at the incoming end for the four burner settings 
studied is given below. 
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ae Outgoing 
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REV 


14 Rate of deposit at position 10 for every 


Ratio of deposits, outgoing/incoming ends 
Setting 1 2 3 4 
Ratio 4-7 6-0 22-5 20-2 
For the other test positions the alumina probes were 
inserted into the furnace atmosphere for two whole 
reversals, a reversal was missed and this sequence 
repeated throughout the charging and melting down 
periods, The results obtained for the deposition rates 
are shown in Fig.15. The features to be noted are the 
two peaks and also the fact that during the charging 
and early melting periods the iron content of the gases 
at the furnace roof was much higher (of the order of 
20 times) than during late melting down and refining. 
However, the most important result was that the rate 


re: | 
Or:! Two short | 
off reversals 


' , = 
68 lOb 4 6 


15 Deposition rates of iron oxide for the four 
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on “T2265 


REVERSAL 


9 


reversal during charging and melting down, burner setting 2 


of deposition during charging and melting down was 
6-7 times higher than on other furnaces in the shop. 


Correlation of roof wear, temperature, and flux deposition 

It has been shown that the wear of a silica roof depends 
on temperature, iron oxide deposition, and gas analy- 
sis.° However, whereas a silica roof wears by dripping 
a basic roof wears by slabbing. Nevertheless the fact 
that a similar wear pattern was observed on this 
furnace for a basic and a silica roof suggests that the 
primary cause of wear was the same in both cases. 
Unfortunately the gas composition at the roof was not 
measured during the trials but it is known that at the 
beginning of the campaign the atmosphere was more 
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reducing than at later stages because of an inadequate 
air supply to the furnace. Previous results have shown 
that there is a relationship between the local gas com- 
position and local roof temperature,® gases richer in 
fuel normally being associated with higher tempera- 
tures, so that the temperature distribution could be 
considered as a measure of the variations in gas 
analysis immediately under the roof. Hence, despite 
lack of gas analysis data it was decided to examine the 
effect of temperature and iron oxide deposition for the 
basic roof. 

In Fig.13 the roof temperature during early refining 
is highest above the back wall on the outgoing end. 
Some temperature measurements taken during charg- 
ing also showed that the highest temperatures occurred 
in the same areas. If temperature distribution was the 
sole or major factor governing roof wear then the 
regions of greatest wear should be above the back wall. 
Thus, the roof temperature distribution does not 
explain the wear pattern. 

The total iron deposited on the alumina probes 
throughout the charging and melting periods was cal- 
culated and the relative deposit determined with 
respect to position 22. These results are shown in 
Table VILE. 

It can be seen that for the first three burner settings 
there was only one instance of a total deposit greater 
than at position 22. For the fourth setting there tended 
to be more iron oxide deposited on the outgoing end 
and above the back wall and for this setting the wear 
spread towards these regions. Thus qualitatively the 
wear pattern coincided with the flux deposition 
pattern. 

Consequently a statistical analysis has been made of 
the total iron deposited and the wear per cast at each 
point for each burner setting. The best fit regression 
lines for each burner setting were determined as: 


NO 
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TABLE Vill Total deposits at various 


setting 


positions for each 





setting 
Position l 














2 0-30 
li 0-91 
1-15 
0-26 
1-00 





Regression line 

Ww 0-013 + 0-000018D 
W 0-002 + 0-000014D 
W 0-008 + 0-000007 D 
W 0-026 4- 0-000019.D 


Setting Significance level 
1 in 20 
lin7 
1 in 10 
lin 17 
where W rate of wear/cast, D mg of iron/in. of 
probe /cast. These are shown plotted in Fig.16. The 
significance levels are such that it can be stated that 
iron oxide or an associated variable was a major cause 
of wear of this roof. It has been suggested that some 
other material, e.g. lime, carried with the iron oxide 
might be the cause, not iron oxide itself. However, in a 
limited survey, only traces of lime were detected, 
some probes collecting no lime at all. 

A regression line has also been fitted to the results 
obtained for the average iron deposit for all burner 
settings and the average rate of wear. This gave: 


Ww 0-007 0-000026D Significance level 1 in 200 


However, this assumes that other 
butory factors to roof wear such as gas composition 
and temperature level did not change during the cam- 
paign, but as has already been stated the temperature 
level and gas composition did vary during the cam- 
paign. Therefore, although the significance level is 
extremely high this may not be a set of data to which 
such statistical analysis is strictly applicable. 


possible contr- 
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17. Plot of time above 1650°C per heat and the brick thickness against number of casts made 


Referring to Table VII it can be seen that there 
appears to be some correlation between the average 
time at which the roof was above 1650°C heat and the 
coefficients of the lines for each burner 
setting. The effect of variations of temperature level is 
shown in Fig.17. It should be noted that the large 
changes in roof temperature level and rate of wear are 
out of phase by about a week. It might, therefore, be 


regression 


inferred that temperature does influence the wear of 


basic roofs, although its effect is delayed. 


CONCLUSIONS 

(1) In this trial campaign an increase in production 
of 22-5°%, over the rest of the melting shop was 
achieved, but only at the cost of an increased fuel 
consumption of 8-7°,. When these figures are com- 
pared with the preceeding basic roof campaign, in 
which the average charging time was over twenty 
minutes shorter and a pro rata increase in production 
with increase in fuel was obtained, it is clear that 
better charging facilities must be used with higher 
firing rates. The fact that the roof temperature limit 
was 30°C higher and the burners were more widely 
spaced on the first run may have also been influencing 
factors. 

2) The gain in time was distributed almost pro- 
portionately throughout all stages of the heat, even 
including fettling. Rather surprisingly the least change 
was produced in the melting time when the effect of an 
increased fuel flow was expected to be most pro- 
nounced. This may be due to the recent introduction 
of more bundled scrap. On the other hand the in- 
creased quantity of iron oxide fume produced may, in 
some way, reduce the nett heat transferred to the 
charge. 

(3) The thermal efficiency of the furnace was only 
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26°3°, when referred to the fuel input, compared with 
30°, for the rest of the shop. This can be attributed 
mainly to the lower preheat level on the trial furnace 
but also to the increased fuel input. Attention should, 
therefore, be directed towards improving checker per- 
formance. Calculations that the twin 
burners gives an increase in thermal efficiency and 
with the higher firing rate and lower preheat should 
have given 28°, more heat transfer over the rest of the 
shop during the charge plus melt periods. This is in 
good agreement with the extra heat transfer obtained 
during these periods of 28-5°,. 

(4) The results suggest that the major cause of the 
wear of this basic roof was iron oxide. The tempera- 
ture level of the roof also appeared to influence the rate 
of wear, but this effect was delaved by about one week. 
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The fatigue properties at low temperatures 


of a low-carbon and an alloy steel 


A. S. Kenneford, M.Sc., F.1.M., A.l.Mech.E., and R. W. Nichols, B.Met., A.l.M. 


INTRODUCTION 


WITH THE INCREASING USE of metals at low tempera- 
tures, it is becoming of increasing importance to 
determine the effects of such conditions on mechanical 
properties. Whilst several workers have studied the 
effect of low temperatures on the fatigue properties of 
unnotched steel specimens under simple reversed 
stressing, there has been only limited study of fatigue 
with loading cycles and in the presence of stress raisers, 

The published contributions are apparently limited 
to two papers. Boone and Wishart* seem to have been 
the first to investigate the influence of decreasing 


temperature on the notched fatigue properties of 


materials using a high-speed rotating cantilever 
Wohler-type machine. Their tests covered a limited 
range of temperatures down to —40°C with notched 
and unnotched specimens in a variety of materials 
ranging from duralumin to rail steel and cast iron. The 
form of notch used was evidently that of the standard 
Izod notch (included angle 45°, root radius 0-25 mm), 
but the depth was not recorded and apparently varied 
with the type of material being tested. 

This work showed that the endurance limit of all 
the materials tested increased with decrease in tem- 
perature, and that as far as steels were concerned, the 
notch sensitivity tended to decrease as the tempera- 
ture was lowered. 

The more comprehensive tests of Hempel and Luce* 
showed a marked trend in the opposite direction, 
namely, that the notch sensitivity increases with de- 
creasing temperature, though this increase was less 
with alloy steel than with carbon steel. These workers 
used a testing machine similar to that used in the 
present tests, i.e. a push—pull direct-stress machine, 
and tests were carried out with zero mean stress. The 
notch used was a shallow one, 0-5 mm deep with an 
included angle of 60° and a root radius of 0-1 mm. The 
range of temperatures used was similar to that of the 
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*W. D. Boonr and H. B. WisHart: Proc. 
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SYNOPSIS 

Fatigue tests on free-cutting mild steel and a heat-treated 
alloy steel to sper ification En 25 
notched 


pression) and zero minimum (zero—tension) stress have 


using notched and un- 


specimens under 2eTO mean (fension—com- 
heen made at room and sub-zero te m pe ratures down to 
that of liquid aur. 

It has been shown that the endurance ratio jJatigue 
limit/ UTS remained constant with decreasing tempera- 
ture of testing, and that the severe embrittlement of the 
mild steel was not reflected in the fatique-test results. 1660 


experiments to be discussed, namely from the ambient 
to —188°C. 

There would not appear to be any explanation of 
the discrepancy between the findings of these various 
workers, though the two sets of tests are hardly com- 
parable because of the wide difference in the types of 
notch and machines used. 

In this connection, the results of Hempel and Luce 
should be more nearly comparable to those of the 
present work, as similar machines were used, and the 
(zero mean the same for the 
German tests and made by the present 
authors. The notch used in the present series of tests 
was, however, of standard Izod form 3 mm deep. 


stressing stress) was 


one series 


MATERIALS USED 


The materials used had the following compositions 
Composition, © 


( SI Mn S P Ni Cr Mo Pb Cu 


0-13 0-002 1-20 0-215 0-052 ond 0-18 O18 
0-29 0-27 0-59 0-049 0-084 2-44 O-74 0-52 


These materials were obtained from the trade in the 
form of 13-in. dia. bar, the free-cutting mild steel 
being cold drawn, whilst the alloy steel was in the hot- 
rolled and annealed condition. Before being machined 
into test pieces, the mild steel was normalized from 
950°C, and the alloy steel oil quenched from 950°C and 
tempered for 1 h at 670°C. 

The test pieces from these materials were 250 mm 
long 15 mm shank dia., one series from each batch 
having a central acting length of 9 mm dia. increasing 
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1 Arrangement for cooling fatigue specimens 
to 15 mm on a 25 mm radius (unnotched specimens), 
whilst the other series had a notch 3 mm deep, 45 
included angle, 0-25 mm root radius at the mid-length 
position (notched specimens). The area of the acting 
portion was thus the same for each type of specimen. 
During testing, the specimen was kept at the desired 
temperature by enclosing the acting portion in a 
flexible metal bellows through which was circulated a 
coolant maintained automatically at the required 
temperature (Fig.1). For the tests at RT and —60°C 
alcohol (cooled by solid carbon dioxide for the lower 
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2 Effect of temperature and mechanical properties of unnotched 
mild-steel specimens, normalized 950°C 
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3 Effect of temperature on mechanical properties of notched 
mild-steel specimens, normalized 950°C, Ky 4:3 


temperature) was circulated, whilst liquid air was used 
for the experiments at —186°C. 

The machine used for these tests was a type UHW 
20 Losenhausen direct-stress machine operating at 
1500 ¢/min, and the mean stress on the specimen 
could be altered at will from zero to positive or nega- 
tive (tension or compression respectively). Tests were 
carried out on each steel under the following condi- 
tions; series 3 and 4 being the same as 1 and 2 respec- 
tively except that notched specimens were used: 
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4 Effect of temperature on mechanical properties of En 25 steel, 
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Zero mean stress 

(tension—com pression ) 

unnotched specimens 

at +20°, —60 
186°C 


Series 2 

Zero minimum stress 

(tension—zero) 

unnotched specimens 

, and at +20°, —60°, and 
186°C 








Effect of temperature on fatigue of mild steel, normalized 


950°C, tested at 1500 c/min, specimens unnotched, life > 10° 
cycles 


Fatigue properties at low temperatures 


TENSION 
wv 


MEAN STRESS, 
o-0 +20°C 
O-O -60°C 


od -186°C 





7 Effect of te m pe rature on fatique of En 
tempered 670°C 
life > Jo? cu les 


25 steel, OQ 850°C, 
, tested at 1500 c/min, specimens unnot hed 


The recorded endurance limits in all were 
based on the maximum safe stress for a specimen life 
of 107 cycles unbroken. 


Cases 


EXPERIMENTAL RESULTS 

Conventional tensile tests 

Tensile tests on each of the two steels were carried out 
at room and sub-zero temperatures using unnotched 
and notched specimens. The results obtained are 
summarized in Figs.2-5 and present no unusual 
features. It will be noted that the mild steel was brittle 
when tested in liquid nitrogen in both the unnotched 
and notched conditions. The values obtained for 
tensile strengths are in accordance with the work of 
McAdam and Mebs* who found that the tensile 
strength of a number of steels was inversely propor- 
tional to the log,, of the absolute temperature. 


Fatigue tests on unnotched specimens 

With each steel, and with each type of stressing (zero 
mean stress and zero minimum stress) the endurance 
limit was raised by a decrease in temperature. 

The mild-steel samples were most affected, and 
showed an increase in endurance limit (107 cycles) of 
almost 100% at —186°C. The alloy steel on the other 
hand, was almost unaffected by cooling to —60°C, but 
showed an increase of about 50°, when tested at 
liquid-air temperature. 

The results are shown graphically in Figs.6 and 7 for 





* D. J. McApam Jr, and R. W. Mess: Proc. ASTM, 1943, 43, 
661-703. 
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8 Effect of temperature on endurance limit (zero mean stress) of notched mild-sieel specimens 


the mild and alloy steels respectively, whilst Fig.8 
illustrates a typical S/N curve. 

The ratio between the stress range at the endurance 
limit under reversed stressing and that under uni- 
directional stressing remained fairly constant at 
decreasing temperatures for the alloy steel at a value 
of about 1-2, whereas for the mild steel it increased 
from about 1-2 to 1-5 as the temperature fell from 
20° to —186°C. 

The engineering endurance ratio (fatigue limit 
UTS) was unaffected in the case of the alloy steel by 
changes in temperature, i.e. the endurance limit re- 
mained proportional to the ultimate tensile strength. 
Similar remarks applied to the ratio between endur- 
ance limit and vield point 0-1°% PS)) (see Table 1). The 
behaviour of the mild steel was similar to that of the 
alloy steel as far as the engineering endurance ratio 
was concerned, but the ratio endurance limit/yield 
point decreased sharply at the lowest test tempera- 


tures owing to the anomalous increase in yield point of 


the mild steel (see Table 1). 

The proportionality of the endurance limit to the 
ultimate tensile strength as the testing temperature 
was lowered contrasted with the effect found at RT 
when the tensile strength of a steel is increased by 
heat-treatment. In this case, the endurance ratio drops 
rapidly as the tensile strength is increased, and may be 
as low as 0-3 for a quenched and lightly tempered very 
high-tensile steel using unnotched specimens under 
zero mean stress. 

The explanation of this difference may lie in the fact 
that a steel which has had its tensile strength raised by 
quenching and partial tempering is in an unstable 
condition, and that local deformation during stressing 
may cause further tempering (precipitation of car- 
bides) in the same way that localized 
occurs during the fatigue testing of precipitation- 
hardened high-strength aluminium alloys. 


over-ageing 


Fatigue tests on notched specimens 

The behavour of the notched specimens (stress-con- 
centration factor 4-3, according to Neuber) in response 
to temperature change was in general similar to that 
of the unnotched ones, though the endurance limit was 
drastically reduced by the presence of the notch. 
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The mild-steel specimens again showed an increase 
in endurance limit of between 75 and 100°, on cooling 
to —186°C, whereas that of the alloy steel increased 
by 50-75%, on cooling to the same temperature. The 
results of this series of tests are given in Table LI. 

Again the ratio between the stress range at the 
endurance limit with zero mean stress to that with 
zero minimum stress remained fairly constant at about 
1:35 for the alloy steel, whereas for the mild steel it 
decreased from about 1-6 to 1-2 as the temperature 
was lowered from +20° to —186°C. This behaviour 
of the mild steel in the notched condition was the 
reverse of its behaviour unnotched. The notch effect is 
shown clearly in Table I, in which the effective stress- 
concentration factor K,, i.e. the ratio between endur- 
ance limit unnotched and endurance limit notched is 
shown for various test temperatures. This table shows 
that the stress-concentration factor for the heat- 
treated alloy steel was little affected by the tvpe of 
but that it tended to fall with decreasing 
temperature. The mild-steel specimens under repeated 
tensile stressing (zero minimum stress) also showed a 
decreasing stress-concentration factor as the tempera 
ture decreased in spite of the fact that the material 
was brittle in the tensile test at 186°C. 

On the other hand, the mild-steel specimens under 
reversed stressing (zero mean stress) showed an in- 


stressing, 


creasing stress-concentration factor with decreasing 
testing temperature, behaviour similar to that found 
by the German investigators. Some of these results are 
replotted in Fig.9, which shows the similarity in 
TABLE |! 


Effect of temperature on endurance ratio and 
effective stress-concentration factor in fatigue 





Steel En 25 


EL/YP EL/UOTS A 


O-54 
OSI 


0-56 


0-47 4-18 
0-44 Is 
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TABLE I! 
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Effect of temperature on fatigue properties of steels En 1B and En 25 





Stress range, tons/in* 
En 1B 
Zero mean stress Zero minimum stress 
Cycles t« remperature, ¢ 
fracture 20 60 20 60 
105 
lof 


> 10 


10 
10* 14 


> 107 12-5 





Notched specimens K, Noteh 45° included angle, 3 mm 


behaviour between Hempel and Luce’s mild steel and 
that of the authors’ under reversed stressing (zero 
mean stress) 

An interesting effect of decrease of testing tempera- 
ture was noticed in the appearance of the fracture of 
the notched mild-steel specimens. in which the 
fractured surface became progressively more ‘crystal- 
line’ as the temperature was reduced from that of the 
room to IS6°C (Figs.10a. b. and ¢. The rate of propa- 
gation of the fracture. as judged by the behaviour of 
the testing machine when failure was about to occur. 
196°C than at RT. 
heat-treated alloy 


was also considerably greater at 
These effects were absent in the 
specimens 


Comparison of notch sensitivity in fatigue, static tension, and 
impact 
In the present series of experiments. the effect of a 
notch has been investigated under four different types 
of loading, namely static tension, Charpy impact (V- 
notch). alternating tension compression (zero mean 
stress) and alternating tension (zero minimum stress) 

The results of the static tension tests have shown 
that so long as the material remained ductile, the 
presence of a notch the ultimate tensile 
stress and the true breaking stress at all test tempera- 
tures down to —196°C. On the other hand, when the 
material became brittle. as in the case of mild steel 
below about 80°C, the presence of a notch reduced 
both the ultimate and true breaking stresses consider- 
ably. These results agree with those of other work- 
ers on this subject. 

However, in spite of the increase in ultimate tensile 


increased 














9 Effe ct of temperature on effective stress concentration factor 
from published results 


strength, the presence of a notch in the ductile mater- 
ials reduced the fatigue endurance limit drastically, 
the range in alternating tension 
(zero minimum stress) than in tension 
zero mean stress). The severe embrittlement of the 
mild steel shown by the tensile tests at 196°C was 
not reflected in the fatigue-test 
results. and contradictory trends were observed. In the 
zero mean stress) the notch sensitivity, as 
measured by the effective stress-concentration factor, 
increased as the test temperature dropped (Table 1), 
the other minimum stress) it 


decrease the 


being lower 


stress 


compression 


to the same extent 


one Case, 


whereas in 
tended to 
temperature 

With the heat-treated alloy steel, reduction in test- 
ing temperature had little effect on the notch sensi- 
tivity (effective stress-concentration factor) in fatigue, 
though there was a tendency for it to fall slightly as 
the temperature was lowered to 186°C. a trend 
opposite to that shown by the tensile tests. 

As far as the Charpy impact tests are concerned, 


CASE (ZeTo 


with lowering of testing 


comparison of the results indicates that no relation 
exists between the results of the two ty pes of test 

From Fig.3, it will be seen that the impact transi- 
tion temperature for the mild steel is at about lore, 
but no such transition temperature is evident in the 
fatigue tests which show a gradual variation in notch 
sensitivity from + 20°C down to — 186°C. The impact 
value of the steel meanwhile dropped rapidly from 
61 ft-lb at + 40°C to only 2 ft-lb at —-60°C 


10 ippearance of fractures 
of notched mild-steel 
spec~mens at varioua 


186°C temperatures 
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Similar remarks apply to the results obtained from 
the alloy steel, i.e. there is no variation in notch sensi- 
tivity under alternating stress corresponding to that 
shown by the Charpy test as the temperature is 
decreased. 

The rate of strain at peak stress in the Charpy test 
must be higher than that in a fatigue test, and fracture 
under the influence of a single blow is not dependent 
on the cumulative microscopic defects, developed 
during alternating stressing, which ultimately lead to 
fatigue failure. It would, therefore, seem reasonable to 
suppose that correlation between the two types of test 
is not to be expected. 


CONCLUSIONS 

(L) The mechanical properties, including fatigue 
properties, of a mild steel and a heat-treated alloy 
steel have been determined at room and sub-zero 
temperatures down to that of liquid air, using un- 
notched and notched specimens. Tests were done both 
with reversed stressing (zero mean stress) and repeated 
tensile stressing (zero minimum stress). 

2) The fatigue endurance limit of each steel (both 


Abnormal grain growth 


B. Cina, B.Sc., Ph.D. 


EXPERIENCE WITH CERTAIN STABLE AUSTENITIC ALLOYS 
of the creep-resistant and high work-hardening types 
has shown that abnormally large grains are sometimes 
developed in forgings or in hot-rolled bar after the 
final solution or softening treatment at elevated tem- 
peratures. Since these abnormal grains may have an 
adverse effect on the tensile and fatigue properties of 
the material and also affect the creep properties, the 
present work was undertaken to determine the con- 
ditions governing the formation of such grains, the 
mechanism of the process, and a method to avoid such 
abnormal grain formation. In this work, abnormally 
large grains are those coarser than ASTM 0; the range 
encountered was ASTM —1 to -7. These values are 
equivalent to mean diameters of 0-02-0-18 in. re- 
spectively. There is very little published work on grain 
growth in austenitic alloys, although the literature on 
grain growth in other materials is voluminous. No 
attempt will be made to survey this latter work since 
this has been done fairly recently by others.!:? 

The first work on austenitic alloys appears to have 
been done by Schottky and Jungbluth? who worked 
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unnotched and notched specimens) under both types 
of stressing was found to increase as the temperature 
decreased, and the endurance ratio (fatigue limit 
UTS) was found to remain constant. 

(3) The notch sensitivity, as measured by the 
effective stress-concentration factor (fatigue limit un- 
notched /fatigue limit notched) decreased slightly with 
temperature for the alloy steel and mild steel when the 
latter was subjected to alternating tension (zero 
minimum but increased for the mild steel 
under tension—compression (zero. mean 
stress). 

(4) The severe embrittlement of the mild steel in 
both tensile and impact tests at 196°C was not re- 
flected in the fatigue endurance limit either in un- 
notched or notched specimens. 


stress), 


stressing 
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in austenitic alloys 


SYNOPSIS 

The formation of abnormally large grains has been 
studied in certain fully austenitic alloys on solution or 
softening treatment at elevated temperatures. It has been 
found that such abnormal grain growth is related to the 
prior hot-working history of the material and can be 
induced by critical deformation at controlled tempera- 
tures. The mechanism for the abnormal grain growth has 
been found to be one of secondary recrystallization for 
which experimental evidence is adduced. The process is 
complicated by the presence of fine undissolved carbide 
particles at the grain-growth temperature. These particles 
inhibit grain growth. Simple methods have been found to 
1639 


minimize grain growth. 


on 18-8 Cr—Ni type alloys. They found that 5°, defor- 
mation applied in compression at RT (room tempera- 
ture) resulted in larger grains on subsequent recrystal- 
lization at 1100-1200°C than was obtained from 
deformation in excess of 5°/,. A similar result was ob- 
tained by Vialle* who deformed 18-8 alloys in tension 
at RT and subsequently recrystallized them at 1100- 
1200°C. Neither the German nor French workers, 





TABLE ! Composition of alloys 


Cina Abnormal grain growth in austenitic alloys 





Analysis, °, 


Code Cast 
letters no. Cc Si Mn 





NMC 
FV 337 
FV 467 


69190 7-45 


0-69 


0-008 
42209 


03425 "22 1-1) 


0-012 


0-003 





however, showed that deformation at RT was equiva- 
lent in its effect on grain growth to deformation at the 
normal hot-working temperatures, nor did they in- 
vestigate the effect of deformations less than 5°). 
Vialle also found that the initial grain size of his alloys 
played only a limited role in determining the final 
recrystallized grain size. This was probably due to the 
relatively small difference between the initial grain 
sizes of his samples (a factor of about 5 in the 
number of grains/mm?).: He did find that the addition 
of 0:25°,Ti had a marked refining effect on the grain 
size of his wrought material. 

More recently, some US workers® have reported 
results on a complex cobalt-base alloy. They found 
that for hot rolling, a eritical deformation for abnor- 
mal grain growth lay between 0°, and 2°, and was 
independent of deformation temperature up to 

230°C. Reductions of up to only 12°, were investi- 


gated. They also found that for certain conditions of 


deformation, or solution treatment, or both, abnormal 
grains could be developed simply on subsequent treat- 
ment at 1180—1260°C, especially if the material had 
been water quenched rather than air cooled from an 
elevated temperature before reheating. The conditions 
for grain growth were also found to be sensitive to 
some extent to the prior heat-treatment history of the 
material. Grain coarsening at temperatures above 
about 1200°C also appears to be a problem in the 
Nimonie (nickel-base) alloys. ®* 

Prior history is one of the most important factors in 
all investigations on grain growth. Thus, among other 
things, it will determine orientation texture which is 
known to have a marked influence on the mode and 
extent of grain growth. Another factor to be considered 
is initial grain size which is known to affect the critical 
deformation for grain growth.’ Such points do not 
seem to have been considered adequately in many 
previous investigations. They will be considered in the 
present work. 





* Since this report was written, work has been published by 
Decker et al.!* on abnormal grain growth in nickel- and cobalt- 
base alloys. They also found a critical range of deformation, 
mainly between 0-4°, and 5-0%, responsible for the abnormal 
grain growth, and an independence of working temperature. 
The influence of composition was mainly in the variation of 
excess phases which could restrict grain growth. The basic 
cause of abnormal grain growth was attributed simply to the 
small reductions of essentially strain-free metal. 


TABLE I! Prior recrystallization treatments and grain sizes 





Recrystallization 
treatment 


Grain size, 
ASTM no. 


Alloy 





NMC 
FV 337 
FV 467 


1050°C, WQ 4-6 
1150°C, AC 
1150°C, AC 





EXPERIMENTAL WORK 

Materials 

Composition of the three austenitic alloys selected for 
study is given in Table I. 

The NMC alloy is used for producing forged non- 
magnetic retaining rings for alternators. The FV337 
and FV467 alloys are of the creep-resistant type and 
are supplied either as forgings or as hot-rolled bar for 
the production of blades. 

Since it was known that fine grains could be present 
even at intermediate stages in the hot fabrication of 
the above alloys and as it was desired to learn the 
conditions under which such grains could be made to 
grow abnormally large, the form of material selected 
for study in each case was hot-rolled bar, which was 
uniformly fine grained. For the NMC alloy, material 
from a normal production ingot was forged and finally 
rolled to }-in. dia. bar. The FV337 and FV467 alloys 
were likewise forged and finally rolled to }-in. dia, and 
{ in. x 2 in. bar respectively. All three alloys were 
heat-treated to give a recrystallized fine grained con- 
dition, details of which are given in Table II. 


Deformation 

It is unnecessary for the present purpose to describe 
the complex sequence of forging or forging and rolling 
operations involved in the works fabrication of the 
several alloys. Since the principal mode of deformation 
in their fabrication is compression, all samples were, 
therefore, deformed by compression in the laboratory 
to simulate works conditions more closely. 

The extent of deformation in compression was de- 
fined as reduction in height /final height 100, °%,. This 
is referred to as true deformation in compression, as 
described elsewhere.* Separate samples were deformed 
by amounts between 0°, and about 128° at 800°, 
900°, 1000°, 1100°, or 1150°C. The deformation was 
carried out by dropping a tup from a predetermined 
height on to the sample which had been suitably pre- 
heated in an adjacent furnace. Samples to be deformed 
up to, or over, 16°, were initially 0-5 or 0-38 in. dia. 
respectively. A length/diameter ratio of about 1-5: 1 
was used to restrict barrelling to a minimum. Each 
sample was forged at one particular temperature and 
not over a range of temperatures as obtains in prac- 
tice. This was done to facilitate temperature control 
and also because it was suspected that there was a 
critical range of deformation temperature causing 
subsequent grain growth. After being forged at any 
one temperature, a series of samples which had all 
subsequently cooled to RT was returned to the 
furnace, reheated to within about 50°C of the working 
temperature (in about 5 min) and then furnace cooled 
at about 600°/h to 600°C and air cooled. This cooling 
treatment simulated the works cooling of fotgings, but 
was probably somewhat slower than that obtaining on 
air cooling hot-rolled bars. 
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DEFORMATION . 9, 
 ° 


1 Effect of deformation on grain size in NMC alloy, samples 
S, / } 


forged at (a) 1100 C, (b) 1000 C, (ce) 900°C, (d) 800°C, 
(e) 600°C, (f) RT; all subseque ntly treated for 9h at 1120°C 


Softening or solution treatments 

NMC—When this work undertaken, forging 
operations were begun on this material at tempera- 
tures up to 1120°C and the final softening treatment 
was carried out at 1050°C. These temperatures were, 
therefore, selected for determining the extent of grain 
growth after the controlled amounts of hot deforma- 
tion. Holding periods of up to 9 h at each temperature 
were investigated. 

F V337 and F V467—-Abnormal grain growth is not 
encountered at the maximum rolling or forging tem- 


was 


peratures for these two alloys, but can be obtained on 
solution treatment at temperatures of 1225° and 
1235°C respectively. The effect of holding hot de- 
formed samples for periods of } h at these tempera- 
tures was, therefore, studied, as was the effect of rate of 
heating to, and time of holding at, the 
temperature. 


solution 
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Effect of deformation on grain size in F V 467 alloy, samples 
forged at (a) 1150°C, (b) 1100°C, (c) 1000°C, (d) 900°C, 


(e) 800°C; all subse que ntly treated for } hat 1235°C 


Grain-size measurement 


Grain sizes were determined on central transverse 


sections of each compression cylinder. The samples 
were abraded as far as 000 emery, electrolytically 
polished, and finally etched to reveal grain size. 
Grains finer than ASTM 0 were measured by com- 
parison with ASTM grain-size charts. The area of 
grains coarser than ASTM IL was measured at a magni- 


fication of 100 and the ASTM grain-size number 
was hence calculated. 

Since the range of grain size encountered in a single 
sample was often very wide, the proportion of the 
several grain sizes in each sample was estimated. Thus, 
three categories were defined: (a) a preponderant range 
of grain size, (6) a range in which many grains were to 
be found but to an extent less than (a) and, finally, 
(c) a range in which only relatively few grains were to 
be found. These divisions are rather loose, but it will 
be seen later that they do help to describe the dis- 
continuous nature of the grain growth in many of the 
samples. To facilitate the graphical representation of 
this method, the ranges of grain sizes depicted in 
Fig.1, etce., are shown to extend over a 1% range of 
deformation. A curve has been drawn through the 
approximate mean grain size of each sample to empha- 
size the trend of the results. 





Abnormal 
1150°C 


grain size in FV 467 alloy, recrystallized at 


} hat 1235 C, macro etched x 5 


RESULTS 

Figures 1 and 2 show the grain sizes obtained in the 
NMC and FV 467 alloy steels as a result of hot defor- 
mation followed by solution treatment. The latter 
consisted of 9 h at 1120°C for the NMC alloy; for the 
F V 467 alloy, the deformed samples were heated to 
1 235°C in 25 min, held for } h at this temperature, and 
water quenched. (The effect of solution treatments up 
to 9 h at 1050°C was also investigated in the NMC 
alloy. Grains no coarser than ASTM—1 were obtained 
after 0-2°,, deformation, and progressively decreased 
in size as the amount of deformation increased.) 

The F V 337 alloy displayed grain-growth character 
istics similar to those of the F V 467 alloy. The solution 
treatment for the F V 337 alloy consisted of heating to 
1225°C in about 14 h, holding for 20 min at this 
temperature, and water quenching. 

Figures 1 and 2 reveal the following features: 

(1) Non-deformed samples of the NMC and F V 467 
alloys show, respectively, only a slight and a marked 
inherent tendency to develop abnormally large g 
This is further illustrated for the F V 467 alloy in 

(2) Small amounts of deformation applied to both 
alloys resulted in a progressively finer grain size, 
except for the highest working temperature (1 100°C) 
in the NMC alloy. There was a critical amount of 
deformation in this range for maximum grain refine- 
ment, as detailed for all three alloys in Table IIL. 

(3) With further deformation beyond the grain- 
refining range, a second critical amount of deformation 
is reached which, in NMC causes, and in FV 467 
restores, the tendency to develop abnormally large 


ins. 


22. 


ra 
Fi 


TABLE I1I Critical deformations for grain refinement and 
abnormal grain growth 





Critical deformation for 
grain refinement, ‘ 


Critical deformation for 
abnormal grain growth, °® 
FV467 FV337 


Deformation 
temperature, 
Cc NMC FV467 FV337 NM¢ 





800 6-8 f f lt 16 8-16 
900 5 f 16 8-16 
1000 3 32-58 12-16 
1100 12-16 
1150 





Cina Abnormal grain growth in austenitic alloys 


4 Abnormal 


G00 ¢ Yh 


qratn size in 


at 1120 ¢ 


compressed 8°. at 


NMC alloy, 
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grains. These critical amounts are also detailed in 
Table III. 

(4) As the deformation temperature increased, the 
critical deformation for grain refinement or abnormal 
grain growth decreased for NMC, but increased for 
FV467 and FV337. 

(5) For F V 467 (and F V 337), the range of grain size 
encountered after the critical deformation for grain 
growth was often very wide, ASTM 8 to —6. Results 
comparable to these were also obtained for the 
NMC alloy after 4-5°%, deformation at 1100° or 
1000°C, but critical conditions for this alloy were also 
found (8°, deformation at 900°C) such that fairly 
uniform coarse grains of ASTM 3 to —6 (0-05 
0-13 in. dia.) were obtained. These are illustrated in 
Fig.4. For comparison Fig.5 illustrates the grain size of 
ASTM 0-4 (0-016—0-004 in. dia.) resulting from the 
critical grain-refining deformation at 5°, at 900°C, 

(6) Amounts of deformation greater than the critical 
for abnormal grain growth resulted only in progressive 
grain refinement, although the range of grain size 
found was often fairly wide, especially in the F V 467 
and FV 337 alloys. 

(7) Fewer abnormally coarse grains were obtained 
after deformation at 1L100° or 1150°C than after 
deformation at lower temperatures. 

(8) Although it had no practical bearing, the effect 
of deformation temperature less than 800°C was in 
vestigated in the N MC alloy, the results for 600°C and 
RT being shown in Figs.le and Lf. Samples were de- 
formed under a tup at 600°C and by slow compression 
at RT using a tensile testing machine. Figures le and 
lf have features similar to those obtaining for higher 
deformation temperatures. The critical deformations 
for abnormal grain growth are 13°, and 10-15% at 
600°C and RT respectively, the mode of grain growth 
in the latter case being markedly discontinuous. 


Oo 


(9) The fact that abnormally large grains were 
obtained in the NMC alloy only after critical forging 
conditions followed by prolonged grain-growth treat- 
ment at 1120°C, suggested that similar grains observed 
in forgings after the final softening treatment at 
1050°C had not been formed by the latter treatment 
but had been formed at an intermediate forging stage; 
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9 h at 1120°C, macro etched 


subsequent forging and reheating had been unable to 
destroy such grains. This was later confirmed and will 
be dealt with under the effect of initial grain size. 

(10) With the F V 467 alloy, a somewhat coarser and 
more uniform abnormal grain size was obtained on 
solution treatment of undeformed than of critically 
deformed material. With the F V337 alloy, the larger 
grains tended to be found in critically deformed 
samples. The FV337 alloy had somewhat smaller 
critical deformation values than the FV 467 alloy, but 
with the above exception otherwise behaved similarly. 


Effect of applying controlled deformations in practice (on bar 
material) 

As it was important to know whether the critical 
deformations (particularly for grain refinement) de- 
termined in the laboratory applied also in practice, 
some rolling trials were carried out on F V 467 material 
from cast 34116 of the following percentage analysis: 
Mn 8S P Cr Ni Mo Cu Ti 
0-91 0-006 0-030 13-84 10-35 2-43 2-4 0-66 


C Si 

0-19 0-48 
This was rolled in the works from 1} in. square to 1 in. » 
{i in., over a temperature range of 1190-1070°C, The 
true reduction in area so obtained was 177°. Before 
the final rolling pass, about 1 ft of the material was 
quickly (hot) sheared off and rolling of the remainder 
was completed. The 1 ft length was recrystallized at 
1180°C and rolled in one pass to the final section of 
1 in. 1 in., receiving in the process about 15%, 
reduction in area. This value of 15°/, was used because 
it had previously been found (see Table III) to be a 
critical amount to produce grain refinement when 
applied at 1000-1150°C. Samples of the material 
reduced in area by 177°, and 15° respectively were 
given a standard solution treatment at 1235°C. 
Figures 7a and # illustrate the marked difference in 
grain size obtained. In further works trials, such 
normal and controlled rolling cycles have been carried 
out on several bars of each of several different casts of 
the FV 457 alloy. In each case, the normally rolled 
bars developed abnormally large grains to a greater or 
lesser extent, while the controlled bars (i.e. given a 
final rolling reduction of about 15°) were either 
entirely fine grained or contained only a small number 
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of coarse grains after solution treatment at 1235°C. 
These trials confirmed that the laboratory results also 
applied in practice. 


Effect of forging history before controlled deformation in 
the laboratory 

The effect of the above two different works deforma- 
tion histories on the response to subsequent controlled 
deformation in the laboratory was also investigated. 
Samples of both bars recrystallized at 1 150°C from cast 
no.34116 were deformed in compression at 900°C and 
solution treated at 1235°C. The resulting grain sizes 
are illustrated in Figs.8a and 6. Deformations of about 
4%, or over, resulted in grain-growth characteristics 
similar for both prior works deformation histories and 
virtually identical to those indicated in Fig.2a, i.e. the 
effect of the prior rolling history has been suppressed. 
This will be discussed further later. 


Effect of non-uniformity of deformation in practice 

A further factor to be considered in hot working 
history is that of possible non-uniformity of deforma- 
tion which would be expected to result in zones of 
different grain growth characteristics. This can be well 
illustrated by some 1}-in. dia. bar of FV337 steel 
which had been hot rolled from 1}-in. square billet. The 
non-uniform deformation introduced across the flats 
and at the corners of the square section resulted in four 


7 Grain sizes developed at 1235°C after (a) normal, and (b) con- 
trolled rolling of F V 467 alloy, cast no.34116, macro etched 
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DEFORMATION AT9OO°C 
Mffect of prior rolling history on grain size developed in 
"V 467 alloy at 1235°C after forging at 900°C, (a) after 


o7, (db) after 15°, true reduction by rolling, re spectively 


regions of abnormally large grains and four intervening 
regions of relatively fine grains respectively, as shown 
in Fig.9. Repeating the experiment on a further 
square-sectioned billet into whose sides holes were 
drilled for later identification, confirmed these results. 
The few large grains at the centre of Fig.7) and the 
somewhat finer grains at the centre of Fig.7a are also 
believed to result from non-uniformity of deformation 
as between the central and outer portions of the bar, 
which would have occurred during previous rolling 
cycles. 


Effect of initial grain size 

All the samples hitherto examined had been initially 
fine grained. To determine the effect of initial grain 
size, some abnormally large-grained samples were pre- 
pared, those of NMC by critical forging and solution 
treatment, and those of the other alloys by simple 
solution treatment. 

The large-grained NMC and FV337 samples were 
deformed from 0 to about 32° at 900°C and given a 
subsequent grain-growth treatment of 3 h at 1050°C 
(NMC) or 9 h at 1120°C (NMC) or 20 min at 1225°C 
(FV 337). The FV 467 samples were deformed 0° to 
64%, at 1150° and 900°C and were subsequently 
treated for } h at 1235°C. Figures 10a and 6 show the 


9 Grain growth resulting from 
F V 337 alloy, macro etched 


non-union deformation in 
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Effect of initial grain size on grain growth characteristics, 
(a) and (b): NMC alloy forged at 900°C and treated 3 h at 
1050°C, (a) and (b), 9h at 1120°C, (6), (c), and (d) F V 467 
alloy forged at 1150°C and 900°C re spective ly and treated 
for} hat 1235°C 


results for the NMC material, while Figs.10c and d 
show those for the F V 467 alloy. In general, the final 
grain size obtained decreases as the amount of defor- 
mation increases. The arrows drawn alongside some of 
the results represent the final range of grain size 
obtained in initially fine grained material (see Table IT) 
after similar conditions of deformation and subsequent 
grain growth treatment. The broken curve in each 
figure represents the mean grain size for initially fine- 
grained material. In Figs.10a and c the final grain size 
obtained is smaller for the material of initially finer 
grain size. In Figs.10a-d, critical conditions for grain 
growth are not apparent for any of the initially 
coarse-grained samples. FV337 samples responded 
similarly. In none of the alloys studied, therefore, 
could secondary recrystallization be induced to recur 
in material of initially abnormally large-grain size. 
This is in keeping with the results of Bohner and 
Vogel? on aluminium alloys. 


Effect of the presence of a second phase 

It is fairly well known that the presence of many fine 
undissolved particles of a second phase can have a 
marked inhibiting effect on grain growth. This has 
been very clearly demonstrated in Al-Mn alloys" 
while Vialle* has shown that titanium additions have 
a grain refining effect on 18-8 Cr—Ni alloys, presum- 
ably by the formation:of particles of TiC. 

Such undissolved particles were found to be of im- 
portance in the present investigation. It was found 
that there was a relatively small range of temperature 
below which abnormally large grains could not form in 
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11 Recrystallized samples of F V 467 alloy held for 4 h at (a) 
I J ‘ 4 
1235°C, (b) 1220°C. (ec) 1210°C. (d) 1200C. and (e) 1190°C. 


all macro etched ] 


a fixed period of time. Thus, while abnormally large 
grains were obtained in FV337 and FV 467 at 1225 
and 1235°C respectively, only fine grains were ob- 
tained in both alloys at L150°C. To illustrate further 
this effect of temperature, samples of the F V 467 alloy, 
which it was known would develop abnormally large 
grains at 1235°C, were heated at similar rates to 
1190°, 1200°, 1210°, 1220°, and 1235°C and held for 
} h at each temperature. The resulting grain sizes are 
illustrated in Fig.11. No coarse grains have formed at 
1190°C, only a few have formed in the corners of the 
sections at 1200° and 1210°C, a greater number are 
found at 1220°C, while they predominate at 1235°C. 
Similar results were obtained for the FV 337 alloy. In 


these two alloys, it is only at temperatures above 
1150°C, that appreciable quantities of fine TiC par- 


ticles are taken into solution. Figures 12a and b 
illustrate the size and number of undissolved TiC 
particles in the F V 337 alloy after treatments of } h at 
1150°C, WQ, and } h at 1225°C, WQ respectively. 
There is a marked decrease in the number of fine 
particles after treatment at the higher temperature. 


Effect of rate of heating to, and time of holding at, temperature 
of grain growth 

It would be expected that if grain growth can start at 
a temperature below that at which the material is to 
be held, the rate of heating to this latter temperature 
could influence the final grain size and should certainly 
affect the time of start of grain growth. Thus, in some 
Lh-in. dia. bar of FV 337 steel, cast no.42209, it was 
found that although an as-rolled and initially fine- 
grained sample became predominantly coarse grained 
simply on heating to 1225°C in about 2 h and immedi- 
ately water quenching, the formation of these ab- 
normally large grains had begun only during the heat- 
ing from 1200° to 1225°C in a period of about 40 min. 
To investigate the effect of heating rate, further 
material from this cast rolled to }-in. dia. bar was 
heated to 1225°C in 13 h and 5 min respectively and 
held for 20 min at this temperature. The slowly heated 
sample predominantly abnormally 
grained, while the rapidly heated one remained uni- 


became coarse 


formly fine grained. Figures 13a-—c illustrate the rate of 


grain growth at 1225°C after heating to this tempera- 
ture in 1$ h and holding for 0, 10, and 20 min. The 
areas of fine grains are indicated by arrows. 
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12 (a) and (b) Undissolved TiC particles in FV 337 alloy after 
hh at 1150°C, WQ. and } h at 1225°C, WQ, respectively. 
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A similar result obtains in the N MC alloy. The effect 
of variation in holding time at 1120°C was investi- 
gated in samples deformed at 900°C, this being the 
deformation temperature for the subsequent develop- 
ment of the most uniformly coarse grains. No ab- 
normally large grains were obtained after only 1 h at 
1120°C, and grains seldom coarser than ASTM —2 
were obtained after 5 h. After 7 h, a sample deformed 
by 8°, showed many abnormally large grains (ASTM 

1 to —5) in a matrix of finer ones (ASTM 2-5). This 
is illustrated in Fig.6 and represents a stage just before 
the development of uniformly coarse grains illustrated 
in Fig.4. These results indicate that the mode of 
abnormal grain growth is discontinuous for both 
FV 337 and NMC. 

The presence of undissolved carbides at lower 
temperatures may not be the only reason why grain 
growth does not occur, since the time actually required 
for grain growth may be longer than that required for 
solution of carbides. Thus, in the NMC alloy, a tem- 
perature of 1050°C is some 20° or 30°C above that 
for the complete solution of carbides and yet no ab- 
normally large grains were formed at this tempera- 
ture. However, if Larson and Salmas’s!! formula for 





(a)—(c) Grain sizes developed 
in F V 337 alloy on heating 
to 1225 C in 1h h and 
holding for 0, 10, and 20 
min re spective ly, macro 


etched 


diffusion-dependent phenomena be applied a time of 
9 h at 1120°C, required for abnormally large grain 
formation, is found to be equivalent to 115 h at 
1050°C. This would explain why no abnormally large 
grains were obtained in this alloy after only 9 h at 
1050°C, despite the fact that the solution of carbides 
was complete. 


MECHANISM OF GRAIN GROWTH 

Two types of grain growth are known: (a) continuous 
grain growth, and (6) discontinuous grain growth or 
secondary recrystallization. In the first, all the grains 
fall within a small range of size at each stage in their 
growth, giving the aspect of uniform grain size. In 
secondary recrystallization, the early stages of growth 
are characterized by the marked preferential growth 
of certain grains giving the aspect of large grains in a 
matrix of fine ones. Secondary recrystallization may 
be only so defined if it occurs in an already fully 
recrystallized matrix. It is considered to be due to the 
preferential growth of misaligned grains in a matrix of 
primary recrystallization texture. Eventually it is 
possible for the sample to consist entirely of these 
abnormally large grains. Consideration of the fore- 
going results strongly suggested that secondary re- 
crystallization was the mechanism of grain growth for 
all three alloys both as a result of applying a critical 
strain at elevated temperatures followed by solution 
treatment, and, as in the case of the FV467 and 
FV 337 alloys, by simple solution treatment of as- 
recrystallized material. In each case, a discontinuous 
stage of grain growth was observed although in some 
cases the final grain size was uniformly abnormally 
large. To verify this suggestion regarding grain 
growth mechanism, it was necessary to demonstrate 
the presence of suitable orientation textures which 
would allow secondary recrystallization to occur, The 
evidence for this is now presented. 


Microstresses 

It is generally considered that a material must be 
plastically deformed and contain resultant micro- 
stresses before it can be induced to recrystallize. ‘To 
determine whether hot working of the present alloys 
left them in a condition, recrystallized 
samples of the NMC and FV 337 alloys were com- 
pressed about 6-8°, at 800-1100 °C and immediately 


stressed 


air cooled. Transverse central sections were then pre- 
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pared in the usual manner, macro-etched to remove 
cold work effects introduced by the mechanical abra 

sion, and examined for line broadening by the X-ray 
diffraction technique. A further series of samples from 
all three alloys was compressed about 32°, also at 800 

1100°C, and sections, about 0-001—0-002 in. thick for 
X-ray-transmission photographs (later used for orien- 
tation determinations) were prepared from central 
longitudinal regions of each. These transmission sam- 
ples were electropolished from about 0-005 in. down to 
their final thickness. The results of both methods of 
examination are given in Table IV. 

It was concluded from the results in Table IV that 
deformations up to about 32°, at temperatures up to 
1000°C would leave each of the three alloys in a state 
of stress or incompletely recrystallized. It then be 
understandable that a critical amount of 
deformation applied at these temperatures can 8 ibse- 
quently cause coarse grains to develop, snee this 
would be in line with the established conditions for 
growing single crystals. Since the finish-rolling tem 
perature of all three alloys could be as low as 900°C, it 
can be understood why all of them were found mark- 
edly to show residual microstresses and grain frag- 
mentation in the as-rolled condition. 

However, it was found that under certain conditions 
the presence of stress immediately before solution 
treatment was not essential for abnormal grain growth. 
Thus, with the F V337 and F V 467 alloys, abnormally 
large grains could be formed either by solution treat- 
ment of as-rolled (and, therefore, ‘stressed’) material, 
o* by solution treatment after a preliminary recrystal- 
lization treatment of } h at 1150°C, AC. Furthermore, 
similar abnormally large grains were found in FV 337 
whether the material recrystallized at 1 150°C had been 
cooled to RT before treatment at 1225°C or whether 
it had been heated directly from 1150° to 1225°C. 
This, therefore, that there was another 
factor controlling abnormal grain growth. 


comes 


suggested 


Crientation textures 

Transmission samples, to which reference was made 
earlier, and molybdenum unfiltered X-radiation were 
used for the investigation of orientation textures with 
the following results: 


F V467—In the as-rolled condition or after 32% true 
compression at 800°, 900°, or 1000°C, this alloy showed 
the presence of definite preferred orientation which 
was identified as a [111] normal parallel to the princi- 
pal axis of deformation. There was, however, a con 
siderable scatter of orientation round that observed. 
Typical transmission photographs of material in the 
as-rolled condition and after 32°, deformation at 
900°C are shown in Figs.14a and b respectively. If the 
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11.0 -Reerystallized samples of F V 467 alloy held for } h at (a) 
1235 °C, (b) 1220°C, (e) 1210°C, (d) 1200C, and (e) 1190°C, 
all macro etched l 


a fixed period of time. Thus, while abnormally large 
grains were obtained in FV 337 and FV 467 at 1225 
and 1235°C respectively, only fine grains were ob- 
tained in both alloys at 1150°C. To illustrate further 
this effect of temperature, samples of the F V 467 alloy, 
which it was known would develop abnormally large 
grains at 1235°C, were heated at similar rates to 
1190°, 1200°, 1210°, 1220°, and 1235°C and held for 
} h at each temperature. The resulting grain sizes are 
illustrated in Fig.11. No coarse grains have formed at 
1190°C, only a few have formed in the corners of the 
sections at 1200° and 1210°C, a greater number are 
found at 1220°C, while they predominate at 1235°C. 
Similar results were obtained for the F V 337 alloy. In 


these two alloys, it is only at temperatures above 
1156°C, that appreciable quantities of fine TiC par- 


ticles are taken into solution. Figures l2a and b 
illustrate the size and number of undissolved TiC 
particles in the F V 337 alloy after treatments of } h at 
1150°C, WQ, and } h at 1225°C, WQ respectively. 
There is a marked decrease in the number of fine 
particles after treatment at the higher temperature. 


Effect of rate of heating to, and time of holding at, temperature 
of grain growth 

It would be expected that if grain growth can start at 
a temperature below that at which the material is to 
be held, the rate of heating to this latter temperature 
could influence the final grain size and should certainly 
affect the time of start of grain growth. Thus, in some 
Li-in. dia. bar of FV 337 steel, cast no.42209, it was 
found that although an as-rolled and initially fine- 
grained sample became predominantly coarse grained 
simply on heating to 1225°C in about 2 h and immedi- 
ately water quenching, the formation of these ab- 
normally large grains had begun only during the heat- 
ing from 1200° to 1225°C in a period of about 40 min. 
To investigate the effect of heating rate, further 
material from this cast rolled to }-in. dia. bar was 
heated to 1225°C in 1} h and 5 min respectively and 
held for 20 min at this temperature. The slowly heated 
sample predominantly abnormally 
grained, while the rapidly heated one remained uni- 


became coarse 


formly fine grained. Figures 13a—c illustrate the rate of 


grain growth at 1225°C after heating to this tempera- 
ture in 1} h and holding for 0, 10, and 20 min. The 
areas of fine grains are indicated by arrows. 
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12 (a) and (h) Undissolved TiC particle sin FV 337 alloy after 
} hat 1150°C, Wwe, and tf} hat 1225°C, We, respectively 
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A similar result obtains in the N MC alloy. The effect 
of variation in holding time at 1120°C was investi- 
gated in samples deformed at 900°C, this being the 
deformation temperature for the subsequent develop- 
ment of the most uniformly coarse grains. No ab- 
normally large grains were obtained after only 1 h at 
1120°C, and grains seldom coarser than ASTM —2 
were obtained after 5 h. After 7 h, a sample deformed 
by 8°, showed many abnormally large grains (ASTM 

1 to —5) in a matrix of finer ones (ASTM 2-5). This 
is illustrated in Fig.6 and represents a stage just before 
the development of uniformly coarse grains illustrated 
in Fig.4. These results indicate that the mode of 
abnormal grain growth is discontinuous for both 
FV 337 and NMC. 

The presence of undissolved carbides at lower 
temperatures may not be the only reason why grain 
growth does not occur, since the time actually required 
for grain growth may be longer than that required for 
solution of carbides. Thus, in the NMC alloy, a tem- 
perature of 1050°C is some 20° or 30°C above that 
for the complete solution of carbides and yet no ab- 
normally large grains were formed at this tempera- 
ture. However, if Larson and Salmas’s" formula for 
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(a)—(c) Grain sizes deve loped 
in F V 337 alloy on heating 
to 1225 C in 14h and 
holding for 0, 10, and 20 
min respective ly. 
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diffusion-dependent phenomena be applied a time of 
9 h at 1120°C, required for abnormally large grain 
formation, is found to be equivalent to 115 h at 
1050°C, This would explain why no abnormally large 
grains were obtained in this alloy after only 9 h at 
1050°C, despite the fact that the solution of carbides 
was complete. 


MECHANISM OF GRAIN GROWTH 


Two types of grain growth are known: (a) continuous 
grain growth, and (6) discontinuous grain growth or 
secondary recrystallization. In the first, all the grains 
fall within a small range of size at each stage in their 
growth, giving the aspect of uniform grain size. In 
secondary recrystallization, the early stages of growth 
are characterized by the marked preferential growth 
of certain grains giving the aspect of large grains in a 
matrix of fine ones. Secondary recrystallization may 
be only so defined if it occurs in an already fully 
recrystallized matrix. It is considered to be due to the 
preferential growth of misaligned grains in a matrix of 
primary recrystallization texture. Eventually it is 
possible for the sample to consist entirely of these 
abnormally large grains. Consideration of the fore 
going results strongly suggested that secondary re 
crystallization was the mechanism of grain growth for 
all three alloys both as a result of applying a critical 
strain at elevated temperatures followed by solution 
treatment, and, as in the FV 467 and 
FV 337 alloys, by simple solution treatment of as- 
recrystallized material. In each case, a discontinuous 
stage of grain growth was observed although in some 
cases the final grain size was uniformly abnormally 
large. To verify this regarding grain 
growth mechanism, it was necessary to demonstrate 
the presence of suitable orientation textures which 
would allow secondary recrystallization to occur. The 
evidence for this is now presented. 
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suggestion 


Microstresses 

It is generally considered that a material must be 
plastically deformed and contain resultant micro- 
stresses before it can be induced to recrystallize. ‘To 
determine whether hot working of the present alloys 
left them in a stressed condition, recrystallized 
samples of the NMC and FV337 alloys were com- 
pressed about 6-8°, at 800-1 100°C and immediately 
air cooled. Transverse central sections were then pre- 
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TABLE IV Results of X-ray examination of as-forged 


samples 





Results of X-ray exam 
after 6-8 deforn 
N M¢ FV 467 


ROO L 
“on Ss 
Ss 


Looo 


B 
t 

R 
R 


1100 ( 





broadening, S F 
crystallization, CR 


*LB line 
t 


Aaneous Y 


pared in the usual manner, macro-etched to remove 
cold work effects introduced by the mechanical abra 
sion, and examined for line broadening by the X-ray 
diffraction technique. A further series of samples from 
all three alloys was compressed about 32°, also at 800 
1100°C, and sections, about 0-001—0-002 in. thick for 
X-ray-transmission photographs (later used for orien- 
tation determinations) were prepared from central 
longitudinal regions of each. These transmission sam 
ples were electropolished from about 0-005 in. down to 
their final thickness. The results of both methods of 
examination are given in Table IV. 

It was concluded from the results in Table IV that 
deformations up to about 32°, at temperatures up to 
1000°C would leave each of the three alloys in a state 
of stress or incompletely recrystallized. It then be 
comes understandable that a critical amount of 
deformation applied at these temperatures can 8 ibse 
quently cause coarse grains to develop, since this 
would be in line with the established conditions for 
growing single crystals. Since the finish-rolling tem 
perature of all three alloys could be as low as 900°C, it 
can be understood why all of them were found mark 
edly to show residual microstresses and grain frag 
mentation in the as-rolled condition. 

However, it was found that under certain conditions 
the presence of stress immediately before solution 
treatment was not essential for abnormal grain growth. 
Thus, with the F V337 and F V 467 alloys, abnormally 
large grains could be formed either by solution treat- 
ment of as-rolled (and, therefore, ‘stressed’) material, 
ov by solution treatment after a preliminary recrystal- 
lization treatment of } h at 1150°C, AC. Furthermore, 
similar abnormally large grains were found in F V337 
whether the material recrystallized at 1 150°C had been 
cooled to RT before treatment at 1225°C or whether 
it had been heated directly from 1150° to 1225°C. 
This, therefore, that there was another 
factor controlling abnormal grain growth. 


suggested 


Orientation textures 

Transmission samples, to which reference was made 
earlier, and molybdenum unfiltered X-radiation were 
used for the investigation of orientation textures with 
the following results: 


F V467—In the as-rolled condition or after 32° true 
compression at 800°, 900°, or 1000°C, this alloy showed 
the presence of definite preferred orientation which 
was identified as a [111] normal parallel to the princi- 
pal axis of deformation. There was, however, a con- 
siderable scatter of orientation round that observed. 
Typical transmission photographs of material in the 
as-rolled condition and after 32°, deformation at 
900°C are shown in Figs.14a and 6 respectively. If the 
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material was capable of developing a deformation 
texture there was the possibility of a subsequent re- 
crystallization texture. A weakly defined [111] texture 
was in fact observed after a recrystallization treat- 
ment of } h at 1 150°C, AC of material initially as-rolled 
or deformed 32% at 900°C, the [111] direction again 
being parallel to the original principal deformation 
axis in each case. The former condition is illustrated in 
Fig.14c. A similar weak recrystallization texture was 
observed in a sample deformed 32° at 1100°C. This 
sample had recrystallized fully and spontaneously on 
deformation at 1100°C. 

F V337—A [111] texture, as in F V 467, was observed 
in this alloy both as-rolled and after 32°, compression 
at 800°, 900°, 1000°, or 1100°C. A very weak [111] 
texture was suggested after a recrystallization treat- 
ment of as-rolled material for } h at 1150°C, AC. A 


cj 


(a) F V 467 alloy, as-rolled 
(c) F V 467 alloy, as-rolled and recrystallized (} hat 1 150°C, AC) 


definite though weak [111] deformation texture was 
also detected after only 14° deformation at 900°C. 
Its detection after such a relatively small amount of 
deformation may in part be due to the presence of a 
similar texture before deformation. 


N MC—This alloy showed orientation characteristics 
similar to F V 337 both as-rolled and after deformation 
at 800-1100°C. Owing to the somewhat larger grain 
size (ASTM 4-6) of this material developed on re- 
crystallization at 1050°C, it was not possible to ascer- 
tain with the technique used whether any texture was 
present in this condition. Figure 14d illustrates the 
orientation developed on deformation of 32°, at 
900°C and also indicates the larger grain size of the 
material. 

It is probable that all the alloys tended to have 
some degree of preferred orientation on recrystalliza- 


d 


(6) F V 467 alloy, recrystallized + 32°, compression at 900°C 
(d) NMC alloy, recrystallized + 32°, compression at 990°C 


14 X-ray transmission photographs of central longitudinal sections of bars or compression cylinders 
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tion. The weakness of this texture would be due to the 
considerable scatter of orientation associated with the 
original deformation texture formed on rolling. The 
very presence of, or tendency towards, a recrystalliza- 
tion texture would, however, provide the necessary 
conditions for secondary recrystallization.!* This will 
be discussed later. 


DISCUSSION 


The discontinuous nature of the grain growth, i.e. the 
local and markedly preferential growth of certain 
grains at the expense of their neighbours,* in all the 
alloys at suitable solution-treatment temperatures 
after prior rolling, recrystallization, or critical condi- 
tions of hot deformation, and also the very fact that 
this growth can occur in a recrystallized and therefore 
stress-free matrix, strongly indicate that the mechan- 
ism of grain growth is that of secondary recrystalliza- 
tion. 

There is now very strong evidence!*-'® to suggest 
that this latter phenomenon is one which is largely 
governed by grain orientation relationships such that 
a misoriented grain will grow in a matrix of primary 
recrystallization texture by virtue of the higher grain- 
boundary energy associated with the misorientation, 
provided that the misoriented grain is several times 
larger than its neighbours so that its boundaries will 
have a concave curvature suitable for its continued 
enlargement.?7 

It follows that a less well developed primary re- 
crystallization texture should lead to a greater number 
of coarse grains than a more highly developed texture 
since the possibility of finding misoriented grains and, 
therefore, centres for secondary recrystallization 
would decrease with increasing perfection of texture, 
although the tendency for growth would increase. 

In the present work, an imperfect [111] recrystal- 
lization texture was detected in the FV467 and 
F V 337 alloys. As these alloys and NMC all showed a 
definite [111] deformation texture, though with con- 
siderable scatter, both in the as-rolled condition and 
after hot deformation in the laboratory, it is probable 
that a [111] recrystallization texture was present also 
in the NMC alloy but could not be identified because 
of the relatively coarse grain size. All the evidence 
would, therefore, seem to be in favour of abnormal 
grain growth being due to secondary recrystallization 
in all three alloys studied. 

It remains to explain the conditions of time and 
temperature for grain growth, and the variation in 
grain size resulting from different amounts and 
temperatures of hot deformation. 

Grain growth being a diffusion-dependent phe- 
nomenon (boundary migration), the higher the tem- 
perature the more rapidly should grain growth occur. 
However, a complication is introduced by the presence, 
even at elevated temperatures, of fine dispersed par- 
ticles of a second phase, either TiC or (Cr, Fe),.C, 
which can inhibit, and therefore, whose rate of solution 
will control grain growth. 

With regard to the response to controlled amounts 
of hot deformation, all the alloys displayed fairly 
similar characteristics. The grain size /deformation 





* See previous definition of secondary recrystallization. 
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15 Schematic representation of effect of forging on grain size 
formed on subseque nt solution treatment 


curves showed four fairly distinct regions illustrated 
schematically at (i)—(iv) in Fig.15: 


(i) material in the initial finely recrystallized conditions 
often showed an inherent tendency towards abnormal 
grain growth. This behaviour was, however, affected by 
prior works deformation history 

(ii) a small range of deformation resulting in progressive 
grain refinement 

(iii) a critical amount or range of deformation resulting in 
abnormally large grains 

(iv) amounts of deformation greater than (iii) and giving 
progressively finer grain size. 


Behaviour at (i) in Fig.15 has already been ex- 
plained as secondary recrystallization resulting from 
the presence of or tendency towards a weak recrystal- 
lization texture. At (ii) the inherent tendency for 
preferential grain growth tends to be destroyed 
presumably by non-preferential recrystallization. 

When the critical amount of deformation for ab- 
normal grain growth is applied to any of the recrystal- 
lized alloys, as at (iii) in Fig.15, it is suggested that the 
misoriented grains are the ones which are preferen- 
tially nucleated for subsequent grain growth. If, in 
fact, the misoriented grains are oriented at 30-45 
about a [111] axis, as obtains in aluminium,'* copper,!® 
and Ni-Fe!® and since [111] for the primary grains 
tends to be parallel to the deformation axis, then the 
critical resolved shear stress on [111] planes of these 
misoriented grains will be greater than on those of 
their neighbours so that the former grains will also 
tend to undergo more deformation. They will, there- 
fore, recrystallize more rapidly than their neighbours 
and will grow rapidly at their neighbours’ expense by 
virtue of the greater state of perfection in their lattices, 
or because of their favourable misorientation, or both. 
The assumption that the grains will have the same 
orientation after recrystallization as before is based on 
the finding that the FV 467 alloy had both a [111] 
deformation texture and a [111] recrystallization tex- 
ture. ({111] deformation and recrystallization textures 
have also been found by Andrews! in austenitic 18-8 
Cr-Ni alloys.) In both cases, [111] was parallel to the 
principal deformation axis. In material with a weaker 
orientation texture, the critical amount of deforma- 
tion may also be sufficient to increase the difference in 
orientation between certain grains and their neigh- 
bours so as subsequently to provide favourable condi- 
tions for grain growth. 

For deformation in excess of the critical for ab- 
normal grain growth, as at (iv) in Fig.15, not only does 
the number of recrystallization nuclei and rate of 
recrystallization increase but the tendency towards a 
more uniform deformation texture and therefore sub- 
sequent and more uniform recrystallization texture 
would be expected to increase, so decreasing the 
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number of relatively misoriented grains and also their 
degree of misorientation. 

The question of deformation temperature may be 
such that if the material is capable of spontaneous 
recrystallization the adequate orientation cannot be 
developed and therefore abnormal grain growth can- 
not subsequently be obtained. (An exception to this 
would be the case where a texture was present before 
deformation; subsequent spontaneous recrystalliza- 
tion might well retain this or a related texture.) All 
lower temperatures did show a fairly definite critical 
deformation. There was a suggestion that for the 
FV 337 and F V 467 alloys, the amount of this critical 
deformation increased, but for NMC it decreased with 
increasing deformation temperature. No explanation 
is at present offered for this effect. 

Finally, it remains to consider to what extent the 


critical conditions of amount and temperature of 


deformation required for abnormal grain growth in 
laboratory experiments apply under practical condi- 
tions such as forging or rolling. The critical deforma- 
tion temperatures established certainly obtain in 
works practice for all the alloys investigated, since the 
latter are hot worked over large ranges of temperature 


which include the critical ones. The critical amounts of 


deformation can be obtained in practice in several 
ways; (a) simply by applying the relatively small 
critical amount, (6) by the non-uniformity of a hot- 
working operation as, for example, in the rolling of 
round sections from square billets when the corner 
zones are more deformed than intervening ones, or in 
an upending operation when the zones immediately 
adjacent to the forging tools deform less than the 
barrelled portion around the centre of the forging, and 
(c) by the greater extent of hot working in one opera- 
tion being carried out within a range of temperature at 
which the material recrystallizes spontaneously, and 
the final working, possibly of critical amount, being 
carried out below this temperature range. 


CONCLUSIONS 

(1) Abnormally large grains (greater than ASTM 0) 
have been found to develop on solution or softening 
treatment of certain fully austenitic alloys. 

(2) The formation of these grains is associated with 
the prior hot-working history of the material but can 
also be brought about in initially fine-grained re- 
crystallized samples after critical amounts of deforma- 
tion at controlled temperatures followed by solution 
treatment. 

(3) These grains are believed to form by a mechanism 
of secondary recrystallization, and evidence has been 
obtained for the development of deformation textures 
during hot working, and subsequent recrystallization 
textures which would provide the necessary conditions 
for such a mechanism. 

(4) The rate of grain growth has been found to be in 
part dependent on the solution of a sufficient number 
of fine carbide particles whose presence otherwise 
impedes grain growth. 

(5) The effect of initial grain size was such that 
secondary recrystallization could be induced only in 
initially fine-grained material. Hot deformation of 
initially coarse-grained material resulted only in grain 
refinement on subsequent treatment at elevated 
temperatures. 
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(6) Simple methods have been found to minimize 
abnormal grain formation. In two of the alloys this 
consists of subjecting fine-grained recrystallized mater- 
ial to a small uniform amount of deformation at a 
particular temperature just before the final solution or 
softening treatment. For the third alloy, a deforma- 
tion in excess of the critical had to be applied (see 
Addendum). 


ADDENDUM 

The procedure recommended for preventing the forma- 
tion of abnormally large grains in bar material, namely 
a controlled small reduction at a particular working 
temperature, could not easily be applied to forgings, 
for obvious reasons. However, Fig.1 for the NMC alloy 
had indicated that if amounts of deformation much 
greater than the critical were applied especially at 
1100° and 1000°C, the formation of abnormally large 
grains would subsequently be prevented. Modifications 
of the forging procedure on the above lines have, in 
fact, been carried out for the past three years with the 
result that abnormally large grains are no longer 
obtained. 
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The effect of heat-treatment 


on the magnetic properties 


of carbon-steel castings 


W. J. Jackson, M.Sc. (Eng.), A.R.I.C., A.M 


SINCE THE EARLY DAYS of electrical machinery, com- 
mercial alloys of iron and carbon have been used for 
core materials, Of the available data on magnetic pro- 
perties of iron-carbon alloys, those provided by 
Yensen* in 1924 probably show most clearly that the 
effect of increasing carbon is to impair the magnetic 
properties of the alloy. Yensen’s alloys were, however, 
made from pure materials, and his results cannot be 
taken as representative of commercial alloys, whether 


in cast or wrought form. The magnetic properties of 


various ferrous materials were compared by Gumlich* 
in 1912, but published data on the magnetic properties 
of cast steel, one of the more widely used ferrous 
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1. Clover-leaf block casting used in first test 


SYNOPSIS 
Magnetization and hysteresis-loop data were obtained for 
a series of cast carbon steels, containing 0-10°%, 0-14, 
019-%,, 0-249. and 0-349,C. 


; in each of the annealed 
normalized, and as-cast conditions 


The 


strated that magnetic pe rmeability was increased by pro 


results demon 


gressively decreasing the carbon content from 0 34% to 
0-10°, 


, and that the magnetic properties of the annealed 
material were superior to those of the normalized material. 
In general, magnetic properties of the as-cast material 
were infe rir. T'e nsile prope itu S were also WeAaASUYre d. For 


a 0-17°%, cast carbon steel, optimum magnetic properties 


for a minimum furnace time were obtained by slowly 


cooling through the temperature range 750-650°C, and 
then air cooling, or at higher magnetizing fields only by 
furnace cooling to 700°C, then air cooling .The former 
treatment, when compared with full annealing, offers the 
possibility of economy in furnace time and heat in the 
case of batch-type furnaces. 1651 


materials in present day use in electrical engineering, 
appears to be wholly lacking. 

A brief review of the design and manufacturing 
techniques of high-permeability steel castings has 
recently been made by Hinsley,* in which it is pointed 
out that while reduction in carbon content of a steel 


* J. F. Hinstey: Elect. Rev., 1955, 11 Feb 


TABLE | Results of chemical analyses of carbon steels used 





Composition, . 
Heat no Cc Si. Mn Ss P 


0-03 
0-02 
0-03 
0-05 
0-03 


0-33 67 029 O41 03 
0-39 60 029 041 09 
0-30 48 029 039 06 
0-28 41 03l 040 02 
0-44 55 «0-031 O41 “O2 
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Test ring 


Position of test ring 


n clover-leaf block 


Dimensions of the test ring used in first test, showing its 
position in relation to clover-leaf block 


increases the magnetic permeability, at the same time 
strength and hardness are impaired. Therefore, for 
applications where strength is essential, there is a limit 
to the extent that carbon can be lowered. In such 
cases, a compromise must be reached, and the effect of 
heat-treatment becomes important. 

The present work was conducted with two main 
objectives in view. The first was to provide data on the 
magnetic and tensile properties of cast steel of varying 
carbon content, in different conditions of heat-treat- 
ment, and the second to determine the influence of 
different furnace treatments on the magnetic proper- 
ties of a given cast steel. 


MAGNETIC PROPERTIES OF CAST STEEL OF VARYING 
CARBON CONTENT IN DIFFERENT CONDITIONS OF HEAT-. 
TREATMENT 

Provision of test material 

Five 100-lb high-frequency furnace heats were made 
from the same base charge, and carburized to the 
following nominal carbon contents: 0-10%, 0:15%, 
0-20%, 0:25%, and 0-35%C. Steelmaking details are 
given in Appendix I. Throughout the series of heats, 
the final analyses, as shown in Table I, showed no 
appreciable variation and the total ‘residual alloy’ 
content of nickel, chromium, and molybdenum did not 


TABLE Ill 


TABLE I! Density and hardness values of magnetic test rings 





Heat 


no. 


Mean DPN 
(load 20 kg) 


Carbon 


Density, 
content,°,, Condition : 


em 





120 
128 


123 


Annealed 
Normalized 
As-cast 


7-835 
831 
7-829 


0-10 


133 
140 
140 


Annealed ‘818 
Normalized 827 
As-cast +827 


831 
“835 
“835 


135 
140 
138 


Annealed 
Normalized 
As-cast 


Annealed “829 
Normalized ‘827 
As-cast “830 


Annealed 
Normalized 
As-cast 


‘$21 
“S19 
“S20 


177 
180 
180 





exceed 0:12°. Four clover-leaf test blocks, having the 
dimensions shown in Fig.1, were cast from each heat. 
One block from each heat was annealed (3 h at 950°C, 
and furnace cooled), one block from each heat was 
normalized (3 h at 950°C, and air cooled), while the 
remaining blocks were left in the as-cast condition. 
One magnetic test ring was machined from a test 
block of each composition in each condition of heat- 
treatment. The rings were removed from the lower 
halves of each test block, a slice roughly } in. thick 
being first sawn from the bottom to clear any defects. 
The position of a ring in relation to the test block from 
which it was removed is indicated in Fig.2. The 
dimensions of the rings are also given in Fig.2, and 
details of their preparation and measurement are given 
in Appendix II. The test rings were not amenable to 
radiographic inspection, and to ensure soundness the 
density of each ring was determined before magnetic 
testing. Density results, given in Table II, indicated 
that the soundness of that portion of the test block 
from which each ring was removed was satisfactory. 
The mean hardness of each test ring was determined 
after the magnetic testing, and the hardness figures are 


Magnetization and permeability values for carbon steels submitted to test in the annealed condition 





Flux 
density 


0-10° carbon steel 0-14% carbon steel 
(Heat no.1) (Heat no.2) 


H, O«e pe H, Oc 


0-19% carbon steel 
(Heat no.3) 


0-24°, carbon steel 
(Heat no.4) 
H, Oe “ 


0-34% carbon steel 
(Heat no.5) 
H, Oe pb 





5000 
10000 
14000 
15000 
16000 
17000 
18000 
19000 


l 2:4 
6-2 
19-5 
28:7 
51- 
85- 

154: 


= to 


m bo 69 01 00 OD 
- aw 


9. 

4°¢ 
14: 
21: 


S 


oe 3-1 be 


43-0 
81-0 
144-0 
235-0 


@ bo 


1190 
1000 
583 471 
429 341 
27 ‘ 225 
173 133 
109 88-7 
70 


1 666 
1282 





TABLE IV Magnetization and permeability values for carbon steels submitted to test in the normalized condition 





0-10% carbon steel 
(Heat no.1) 
H, Oc«e ye 


Flux 
density 
B,G 


0-14% carbon steel 
(Heat no.2) 
H, O«e 


0-19% 
(Heat no.3) 
H, Oc 


0-34° carbon steel 
(Heat no.5) 
H, O«e yp 


carbon steel 0-24°% carbon steel 


(Heat no.4) 





5000 
10000 
14000 
15000 
16000 
17000 
18000 
19000 


2-6 
6-6 
17-0 
24-3 
43-0 
70-6 
130-0 


209-0 250-0 


5-3 
12-3 


o 


813 
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Magnetization and permeability values for carbon steels submitted to test in the as-cast condition 





Flux 
density 
B,G 


0-10°% carbon steel 0-10° 
(Heat no.1) 


H, Oe fe 


0-14°% earbon steel 
(Heat no.2) 
H, Oc 





5000 
10000 
14000 
15000 
16000 
17000 
18000 
19000 


, carbon steel 
(Heat no.3 
H, Oe 


0-24 carbon steel 0-34°. carbon steel 
Heat no.4 (Heat no.5) 


iL ( 7 H, Oc 


1724 
1205 | 9 
+O 
0 
,-O) 
120-0 


203-0 





also recorded in Table II. Tensile tests were made on 
each of the steels in the annealed and the normalized 
conditions. Subsidiary standard-size tensile test pieces 
of 0-357 in. dia. were machined from a ‘leaf’ of each 
test block. 


Test results 

The magnetization curve for each material was de- 
termined using the method of reversals described in 
Appendix II. The results of the tests are given in 
Tables III, IV, and V. The hysteresis loop for each 
material was also determined, up to a maximum field 
strength of 250 Oe. These results are given in Table VI, 
only one branch of the loop being recorded, since with 
such material the other branch can be determined by 
symmetry. Values of remanence B, and coercive force 
H,. determined from the hysteresis loops are given in 
the same table. Results of the tensile tests, made on 
material in the annealed and the normalized condi- 
tions, are given in Table VII. 


Discussion 

The results given in Tables III, IV, and V, show that 
irrespective of carbon content, a superior permeability 
is associated with steels in the annealed condition. A 
convenient method of summarizing these results dia- 
grammatically is to plot permeability » against flux 
density B, as shown in Fig.3. It is then immediately 
apparent that permeability decreases with increasing 


carbon content for material in each of the three condi 
tions of heat-treatment. Furthermore, while 
annealed structure exhibits a superior maximum 
permeability value for each of the carbon contents 
examined, the structure next in order of superiority 
depends on the carbon content, for the 0-10°%, 0-14%, 
and 0-19°,C as-cast structures have a higher maximum 
permeability than the normalized, while the 0-24°, 
and 0-34°,C as-cast structures are inferior. From the 
magnetic hysteresis data given in Table VI, it is appar 

ent that the remanence of the annealed material is 
substantially similar to that of the normalized materi 

al, but the annealed material exhibits a lower coercive 
force in each case. It is interesting to note that if 
maximum permeability (determined from the data in 
Table VI) is plotted against the reciprocal of the 
coercive force, as in Fig.4, for the annealed steel the 
points fall very nearly on the straight line passing 
through the origin, demonstrating that maximum 
permeability is roughly inversely proportional to 
coercive force. 

To relate tensile properties to magnetic properties, 
ultimate tensile stress has been plotted against the 
value of field strength H required to give a flux density 
of 15000 G, an arbitrarily chosen value. The relation 
between these two variables is shown in Fig.5, for the 
series of carbon steels in the normalized and annealed 
conditions. 

In Fig.6 the field strength to give a flux density of 
15000 G, has been plotted against carbon content. 
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3 Permeability v. flux density for carbon steels, in the annealed, normalized, and as-cast conditions 
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This illustrates that for the order of flux densities at 
which electrical equipment normally operates, mag- 
netic properties of the as-cast material are inferior to 
the normalized, despite the fact that the 0-10°%, 
0-14°%,, and 0-19°,C as-cast steels develop a higher 
maximum permeability than the normalized steels. 


15000 


14600 


14000 


Conclusions 

Five carbon-steel heats, with carbon contents ranging 
from 0-10°% to 0-34°%,, were subjected to magnetic and 
tensile tests in various conditions of heat-treatment. It 
was concluded that: 

(1) The effect of increasing the carbon content was 
to decrease magnetic permeability, in each of the 
annealed, normalized, or as-cast conditions. 

(2) Higher maximum permeabilities resulted from 
annealing, in each of the steels tested. Steels contain- 
ing 0-10°,,, 0-14°%. and 0-19°.C gave higher maxima 
in the as-cast condition than in the normalized con- 
dition, while for the 0-249, and 0-34°.C steels the 
reverse Was true. 

(3) At normal working flux densities of electrical 
equipment, magnetic properties of the annealed 
material were found to be superior to the normalized, 
which in turn were superior to the as-cast material. 

(4) For steels in the annealed condition, maximum 
permeability was found to be roughly inversely pro- 
portional to coercive force. 


18900 
14900 


15600 
10900 


As-cast material 





10500 


6000 
9900 


14900 


DEVELOPMENT OF OPTIMUM MAGNETIC PROPERTIES 
FOR MINIMUM FURNACE TIME 

For any given carbon content, the measure of im- 
provement in magnetic permeability resulting from 
annealing as compared with normalizing, has been 
demonstrated. If, however, advantage is to be taken 
of the superior magnetic properties of fully annealed 
material, and furnace times are to be kept to a mini- 
mum, it is important to know the temperature at 
which a furnace charge can be withdrawn and air 
cooled, without impairing magnetic properties. 

With this end in view, a further series of tests was 
carried out to determine the effect of furnace with- 
drawal temperature on magnetic permeability. In 
addition, one test was made to determine the effect of 
slow cooling through the austenite transformation 
temperature range. 


16000 
10300 
14000 


19000 
10600 


+ 14000 
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19600 
16300 


6000 
) 


10500 


15600 


Provision of test material 


The steel used in this investigation was made by the 
Tropenas converter process, further details of which 
are given in Appendix I. Six plain cylindrical test 
blocks of the type devel yped and used at Edgar Allen 
and Co. Ltd, were cast having the dimensions shown 
in Fig.7, and chemical composition as follows: 


16000 
S000 
10100 
250 Oe max.) 


H 


Element, °% 


c Si Mn S P 
0-17 0-26 0-38 0-021 0-042 


Flux density B, G 
19200 
14600 


Three ‘slices’, about 1 in. thick, were cut from the 
bottom portion of three of the castings. Seven of these 
slices were subsequently used in this investigation. It 
was found necessary to carry out the heat-treatment in 
three separate batches, because of the internal di- 
mensions of the furnace used. Furnace conditions 
were therefore controlled to be as near as possible the 
same during the treatment of each batch. 


H 


Hysteresis-loop data 








* Determined from above data (i.e. 


*Remanence, B, 
*Coercive force, 


TABLE Vi 


~ 40 
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Tensile properties of the annealed and normalized material used in first tests 





Heat Carbon 
no. content, Condition 


Yield stress, 


tons) in 


teduction in 
are  * 








Annealed 
Normalized 


Annealed 
Normalized 


Annealed 
Normaliz 


Annealed 
Normalized 





In each case the slices were charged into a cold 
furnace, which took roughly 4 h to reach a tempera- 
ture of 950°C, and were held at this temperature for 
4 h. The slices were then withdrawn singly from the 
furnace as it cooled, at the temperatures shown in 
Table VIII, and allowed to cool in air. The total time 
that each slice remained in the furnace was, therefore, 
8 h plus the furnace time given in Table IX. 

The heat-treatments carried out on batches 1 and 2 
were such as to give various withdrawal temperatures 
from the furnace intermediate between normalizing 
and annealing. The treatment of batch 3 gave a nor- 
mal furnace cool from 950° to 750°C, and a retarded 
cooling from 750° to 650°C lasting 5 h, whereupon the 
slice was withdrawn and air cooled. 

One magnetic test ring was then machined from 
each slice, in the manner described in Appendix II. The 
dimensions of the rings are given in Fig.7. The mean 
hardness of each ring, given in Table LX, was deter- 
mined after completion of the magnetic testing. 





Y, & max 
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Relation between maximum permeability and reciprocal of 
coercive force for carbon steels in the annealed, normalized, 


and as-cast conditions 


Test results 

Magnetization curves for each material were deter- 
mined. Figure 8 shows the curves up to a field strength 
of 20 Oe, and Fig.9 shows the curves at values greater 
than 20 Oe. It will be seen that the material cooled 
slowly through the range 750-650°C gave superior 
magnetic properties at virtually all field strengths 
tested. The remaining material exhibited decreasing 
permeability as the withdrawal temperature increased 
from annealing (300°C) to normalizing (950°C), with 
the exception of the material withdrawn at 700°C. The 
latter showed superior permeability to the annealed 
material at field strengths above 100 Oe, but inferior 
permeability below this value, whilst for the lower field 
strengths permeability was only slightly superior to 
that of the normalized material. Results from the 
magnetization curves are given in Table LX, from 
which it may be seen that maximum permeability is 
progressively lowered as_ withdrawal 
increases. 


temperature 


Discussion 

The results indicate that superior magnetic properties, 
at shorter furnace times than full annealing, were ob- 
tained at high field strengths in the material with- 
drawn at 700°C, and at all field strengths in the 
material slowly cooled through 750-650°C, The practi- 
cal advantage of the slow cooling treatment over full 
annealing lies in the fact that the furnace temperature 
need not be lowered below 500-600°C, and that the 
next furnace charge more rapidly attains annealing 
(austenitic) temperature. 





27> TA 
4 


TENSILE STRENGTH, tons 


§ Relation between tensile and field 
necessary to give a flux density of 15000 G, for carbon steels 


in the annealed and normalized conditions 


strength magnetizing 
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6 The effect of increasing carbon content on the magnetizing 
field necessary to give a flux density of 15000 G, for carbon 
steels in the annealed, normalized, and as-cast conditions 


The reason for the improved magnetic properties (at 
higher magnetizing fields) of the material withdrawn 
at 700°C is not at all clear, although it is not un- 
common for magnetization curves to cross at the 
higher field strengths. The average hardness of this 
material was the same as that of the normalized 
material (see Table VIII), although their microstruc- 
tures differed considerably. It appears from the micro- 
structure that upon withdrawal at 700°C the austenite 
transformation had not gone to completion. The per- 
meability of this material would therefore be expected 
to be slightly inferior to that of the material with- 
drawn at 600°C, which in fact it is at lower magnetiz- 
ing fields. 

In the case of the material withdrawn from the 
furnace at each of the temperatures 600°, 500°, 400°, 
and 300°C, there was a slight indication of an increas- 
ing ferrite grain size, and a tendency for pearlite to be 
coarser as the temperature of withdrawal decreased. 
This microstructural observation is in accordance with 
the determined magnetic properties. However, the 
material slowly cooled through 750-650°C exhibited a 
slightly smaller grain size, and a slightly greater 
carbide dispersion than the fully annealed (withdrawn 
at 300°C) material. Thus the magnetic properties of a 
low-carbon steel are not entirely dependent on the 
microstructure as revealed by etching. The improved 
magnetic properties of the material slowly cooled 
through the transformation range must be due, there- 
fore, to the formation of either a more strain-free 
ferrite, or a ferrite with a lower solution of carbon. No 
correlation between non-metallic inclusion content 
and magnetic properties could be determined, and in 
any case, the results were reproduced on other heats of 
steel. 


Conclusions 


(1) Under the experimental conditions described, 
magnetic permeability was found to increase progress- 
ively as the temperature of withdrawal from the 
annealing furnace was decreased from 950° to 300°C, 
with the exception of material withdrawn at 700°C. 
Magnetic permeability of this material was superior to 
that of the material withdrawn at 300°C (annealed) at 
magnetizing fields above 100 Oe. 

(2) A treatment of furnace cooling from 950° to 
750°C, then cooling from 750° to 650°C in the furnace 
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7 Dimensions of the Edgar Allen test-block casting, and test 
ring used in second test 


over a period of 5 h, followed by withdrawal at 650°C 
and air cooling, developed optimum magnetic pro- 
perties. 


GENERAL CONCLUSIONS 


For cast carbon steels, under the experimental condi- 
tions described, it has been shown that: 

(1) Magnetic permeability is decreased by increasing 
the carbon content from 0-10°% to 0-34%, irrespective 
of heat-treatment. 

(2) Annealing develops higher maximum permea- 
bility than normalizing. The maximum permeabilities 
of the 0-10%, 0-14%, and 0-19°%C as-cast steels were 
intermediate between the annealed and normalized, 
while the maximum permeabilities of the 0-24°% and 
0-34%C as-cast steels were the lowest of all steels tested. 

(3) In the range of flux density at which electrical 
equipment normally operates, the magnetic properties 
of annealed material are superior to those of normal- 
ized material, which in turn are superior to those of 
as-cast. material. 

(4) A relationship between tensile strength and 
magnetic properties of steels in the annealed and 
normalized conditions has been demonstrated. 

(5) Optimum magnetic properties for a minimum 
furnace time were obtained by: 


(i) slowly cooling through the temperature range 750- 
650°C, and then air cooling, and 

(ii) at higher magnetizing fields only by furnace cooling 
to 700°C, then air cooling. 


The former treatment, as well as giving higher 
permeabilities at all field strengths than fully annealed 
material, in the case of batch-type furnaces offers the 
possibility of economy in furnace time and heat. 
TABLE Vill 


Details of various experimental furnace treat- 
ments and resulting hardnesses obtained 





Heat- 
treatment 
batch 


Time in furnace 
after soaking 
period, h 


Mean DPN 
(load 30 kg) 


Temp. of 
withdrawal, °C 





950 (normalized) 
700 
600 


500 
400 


300 (annealed) 


650 





* 5 h to cool through 750-650°C 





Jackson Effect of heat-treatment on magnetic properties 35 


TABLE IX Effect of furnace withdrawal temperature and slow cooling through the critical temperature of a 0-17°(, cast carbon 
steel 





Flux Slow cool 

density 750-650°C Withdrawal temperature, °C 
B, withdrawn 300 (annealed 400 

G H, Oe wax. H,Oe ymax. H, Oe jp Ine , On uwmax. H, Oc 


600 





5000 ¢ 
10000 5-75 2100 »25 2 7 1900 


14000 55 at 19 ») at > .( - 
35 5 600 


1900 


t 


15000 25-0 6000 29 575 35+ 5600 
16.000 42-5 G 47 é G 
17000 70-0 78 


18000 120-0 133 





ACKNOWLEDGMENTS The author also records his thanks to the Director, 
On behalf of the British Steel Castings Research ®0d Council of the British Steel Castings Research 
Association. the author wishes to thank William Association for permission to publish this paper. 
Jeardmore and Co. Ltd and Edgar Allen and Co. Ltd 

for proving the material used in this investigation, and APPENDIX | 

the latter Company for making available their magne- — §teeimaking 

tic testing laboratory. The helpful discussions with 5,4, of the five 100-Ib high-frequency furnace heate was made 
J. F. Hinsley of Edgar Allen and Co. Ltd and E. from, the came acram cheres of low-sethen tube steel. Cm 
Johnson of William Jessop and Sons Ltd have been — purization was effected by pig iron. Similar additions of ferro 


l » each heat, about 


greatly appreciated. silicon and ferromanganese were added t« 











8 Magnetization curves up to 20 Oe for a 
0-17%C steel subjected to diffe rent furnace 


) 


treatments 











Journal of The Iron and Steel Institute January 1960 





36 Jackson Effect of heat-treatment on magnetic properties 














materials as shown in 
Fig 8, hut at field strengths higher than 20 Oe 


9 Vagqnetization curves for the same 


one quarter of the ferrosilicon being added before the pig-iron 
addition. A final addition of aluminium equivalent to 3 lb/ton 
was made before pouring, which in each case was carried out 
within the temperature range of 1580-1 600°C, 

For the 0-19 C 


melted in a cupola, was desulphurized before charging into the 


steel used in the second test, scrap steel, 


converter, which was side-blown. After a blow of about 20 min, 
ferro 
addi 
tions, equivalent to 14 Ib/ton of calecium-—silicon—manganese, 
2 Ib/ton of ferrotitanium, and 2 
made to the ladle 


slag removed and additions of ferromanganese, 


silicon, 


was 


and aluminium were made. Final deoxidation 


lb/ton of aluminium, were 


APPENDIX Il 


Magnetic testing 
(extracted from BS2454 : 1954) 
Magnetic flux density 


TERMINOLOGY 
The total steady, magnetic lines of 


force along the test length of a specimen, divided by the 


normal cross-sectional area in cm?*®. Symbol: B Unit: Gauss (G). 

Magnetizing field: The magnetic potential gradient along 
the test length of a specimen. Symbol: H Unit: Oersted (Oe). 
the 


Symbol: 


Magnetic permeability: The ratio of magnetic flux 
density to the fiek’ producing it 
Remanence: The magnetic flux which remains in a magnetic 
circuit after removal of the applied magnetizing field. Symbol: 
B_ Unit: Gauss, 
Coercive force: The measure of the opposing magnetizing 
field which must be applied to remove the remaining flux 


Svmbol: H, Unit: Oersted 
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Magnetic testing method 


ting test specimens were machined to the general dimensions 


given in Figs.2 and 7. During machining, a liberal supply of 


cutting fluid was used, and light finishing cuts taken to avoid 


overheating or surface the 


the 


working of specimens. 
light ly 


Dimensions of 


Sharp 


corners on rings were removed by rubbing with 


medium-grade emery paper. the rings were 
measured in accordance with the recommendations given in 
BS 2454 : 1954, 
sured by a micrometer at ten nearly equidistant places round 
The 


similarly measured at ten places using a ball-ended micro 


as follows. The outside diameter was mea- 


the circumference of the ring. radial thickness was 


meter, and the axial length was measured at the same places 


The mean diameter of the ring was computed by subtracting 


the mean radial thickness from the mean outside diameter 


The mean area of cross-section was computed from the mean 


length and the mean radial thickness. 


axial 


In the case of the test, the 


primary coil wound on to the ring consisted of 13 turns of a 
The field of Oe required 14 A, 


exceeded on account of the tendeney 


smaller rings used in the first 


Y.core cable maximum 250 


which was not 


to over 
heating. The secondary coil was insulated from the ring, and 


wound with 34 swg double-silk-covered wire, evenly spaced 


round the ring, the end of the wire being wound back to avoid 
introducing a spurious mutual inductance. 

\ similar 
rings used in the second test. However, the primary coil con- 
sisted of 28 turns of a 12 


13 A, 


was close 


winding procedure was adopted for the larger 
carned currents of 
eou 


wire 


which 
175 Oe 
37 


tic test, rings were demagnetized by 


core cable, 
maximum field of The secondary 


with 50 


giving a 


wound turns of swy enamelled 
Before starting a magne 
passing through the primary coil an alternating current, which 
was gradually reduced to zero 

For B/H curve determination, magnetizing field measure 
ments were made by the method of reversals as recommended 
in section 7 of the Appendix of BS 2454 : 1954. Suecessively 
increased values of magnetizing current were passed through 
the primary coil, and at each value the current was reversed 
ten times to bring the specimen into a cyclic condition. If in 
advertently the current exceeded a desired setting, the ring 
was demagnetized before making the test at the lower current 
Primary current was measured by grade | de ammeter. The 
the primary current and 
observing the deflection of a ballistic galvanometer connected 


reading was taken by reversing 
to the secondary winding. The latter was calibrated against a 
standard mutual inductance, and adjusted to give a suitable 
deflection before beginning each test, and during the test as 
the deflection neared full scale. For hy steresis loop determina- 
tion, galvanometer deflections were measured for successive 
increases and decreases of the primary current 

The values of magnetizing field H and flux density B were 


derived from the following equations: 
4x NI 
oO” 
where [H is in Oe 
number of turns in the primary winding 
primary current in A 
mean circumference of the ring in em 
l Kd 
2 BA 


where B is in gauss 


the deflection of the galvanometer corresponding 
to a reversal of current in the primary 
the number of turns in the secondary winding 
the mean area of cross-section of the specimen it 
em-* 
the galvanometer constant, derived as follows, 
2M110° 
1 
where VW 
the current in A reversed in the primary of M 
deflection of the ballistic 


divisions on the scale 


mutual inductance in H 


the galvanometer in 





The effects of humidified blast 


A. Grieve 


INTRODUCTION 
stInce 1800 when Dawson! recognized humidity as a 
significant variable in blast-furnace operation there 
have been many attempts to regulate it with one or 
more of the following objects in view: (a) to reduce 
blast humidity to the lowest level possible, (b) to 
control moisture at a level high enough to permit com- 
pensation for variations in natural humidity, (¢) to 
utilize moisture as a means of rapidly adjusting hearth 
temperature, keeping blast temperature and burden 
constant, and (d) to add moisture as a constituent 
offering possible inherent advantages. 

Various reasons have been advanced to justify the 


use of humidified blast, for example, the extension of 


the combustion zone giving better gas distribution, the 
greater reducing power of the bosh gas, and the re- 
duced gas temperatures and volumes permitting a 
greater mass of gas to be driven up the furnace. 
Opinions remain divided and the object of this paper 


is to attempt an impartial assessment of the merits of 


humidified blast and to indicate what further infor- 
mation is needed for a full appreciation of its effects on 
furnace operation. 


BRIEF REVIEW OF PRACTICE 
Before 1939 effort was mainly directed towards drying 
the blast either by refrigeration? or by the use of 
chemicals such as silica gel.“ With the lower blast tem- 
peratures then prevailing this was a logical approach 
since it provided more heat in the hearth. Although 
benefits were reported, the cost of treating the blast 
was too high to justify the process. 

Just before the war an interest in steam additions 
developed, particularly in the USSR, and the present 
position there is that 90°, of all iron made comes from 
furnaces employing humidified blast.4 One reason for 
this widespread adoption is the large seasonal varia- 
tion in natural humidity (from 0-3 to 11 gr/ft®), but 
moisture is also considered to increase productivity 

Published results® indicate that adding S—9 gr ft® 
has increased production by 7°, 
of 2°.. It is considered® that 
humidity, somewhere between 


with a saving in coke 
there is an optimum 
5 and 10 gr/ft*, since 
the heat needed to decompose the moisture increases 
linearly with humidity while the acceleration in work 
ing shows a diminishing return 

In the USA also there are considerable variations in 
natural humidity and a number of works such as Gary 
and Weirton’ control blast humidity at 
S gor /ft®. At the Inland Steel Co., 


around 
Indiana,* steam is 
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SYNOPSIS 
The available published data on the influence of blast 
humidity on all aspects of blast-furnace operation are 


1737 


reviewe d 


used as a means of hearth temperature control and is 
also claimed to increase driving rate by 5—-7°% 
little or no change in coke rate. 

On the other hand an investigation of oxygen and 
steam additions at the Aliquippa Works of Jones and 
Laughlin® led to the conclusion that moisture should 
be controlled at the lowest 
smooth operation 

In this country the changes in natural humidity are 
less (between 2 and 6 gr/ft*) and so consequently is the 
need to control it. Humidified blast can only be justi- 
fied here if it can be shown to offer real benefits in 
terms of increased production, lower coke rates, or 
better control 

Trials at Appleby-Frodingham in 1950!° with 
6 gr ft? of moisture resulted in an increased coke con 
sumption without compensating benefits, although 
short-term steam injection assisted a poorly working 
furnace. Currently several works are exploring the 
effects of humidified blast, but apart from reports of 
smoother operation conclusive results are not yet 
available. 


with 


level consistent with 


EFFECTS OF MOISTURE IN THE BLAST 


In a complex metallurgical unit like the blast-furnace 
a change in blast moisture will produce a number of 
effects, both in the various zones of the furnace and on 
its overall performance. 


Conditions in the combustion zone 
Produc ts of ( ombu stion 


Whereas one molecule of carbon burnt in air yields one 
molecule of gas (CO), moisture as the 
produces two molecules (CO H,). The consequences 
of this are summarized in Table I 
blast 


combustant 


assuming a constant 


volume (air moisture). 


TABLE | Conditions in the combustion zone 
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These figures show that moisture in the blast in- 
creases the rate of burning carbon and hence pro- 
ductivity (if the coke rate remains the same) while 
producing a smaller volume of gas (per unit weight of 
carbon) of greater reducing power. 

The above changes are similar to those obtained 
with an oxygen-enriched blast and should favour 
better furnace operation. However, thermally steam 
has the opposite effect to that of oxygen. 


Thermal effects at the combustion zone 

The heats of combustion of coke carbon by air and 

steam are 
( 10, 1-88N, CO 1-88N, $400 Btu/lb 

carbon 


H,O =: CO H, 


4270 Btu/lb carbon 


From these equations the heat of combustion of 


1 ft® of blast containing g grains of moisture is given 
by: 


Q 61-75 


Thus moisture lowers the quantity of heat generated 
per unit of carbon and hence the flame temperature. 
Appendix I gives a calculation and graph relating 
available heat and flame temperature for different 
blast temperatures and moisture contents. From this 
data the increase in blast temperature required to 
compensate for moisture can be calculated. It should 
be noted that this compensation will depend on the 
factor to be restored to its original (dry blast) value. 
Figure 1 shows the corrections to a dry blast at 600°C 
for three conditions in the hearth zone: 

(i) constant available heat/unit blast volume 

(ii) constant theoretical flame temperature 

(iii) constant available heat/unit weight of coke. 

Assuming that humidified blast does not improve 
overall furnace efficiency (i.e. the total heat required 
to produce unit weight of iron remains constant) con- 
dition (i) corresponds to constant production with an 
increased coke rate, (ii) corresponds to constant hearth 
temperature with both production and coke rate in- 
creased while (iii) corresponds to increased production 
at constant coke rate. 

Correction (iii) is thus the one of practical interest 
and the calculated value of 21°C per gr/ft® agrees well 
with the generally quoted figure of 20°C per grain. 


0-58lq Btu 


Size of combustion zone 

It is claimed by some workers, e.g. Strassburger,’ that 
blast moisture increases the extent of the combustion 
zone. If this were so the active annulus would be 
larger and better gas-solid distribution would be 
expected especially in large furnaces. Unfortunately 
there is no strong evidence to support this view. In trials 
at the Alapayevsk works in the USSR!" the distance 
from the tuyere at which CO, disappeared was taken 
as a measure of the size of the combustion zone. It was 
reported that with a correction of 16°C per grain the 
combustion zone was larger than with dry blast and 
that size was unchanged only when blast temperature 
was increased by 25°C per grain. 

From raceway measurements Taylor! has de- 
veloped an empirical equation for tuyere penetration. 
In this, the only term which could be affected by blast 
moisture and temperature is p the blast density. 
Increasing the blast temperature lowers p and hence 
penetration but it is difficult to assess the effect of an 
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increase in blast temperature coupied with the addi- 
tion of moisture. 

It would seem that with a temperature correction of 
20°C per grain the effect of moisture on the size of 
combustion zone will be sma!i but this aspect merits 
further practical investigatin. 


Temperature distribution within the combustion zone 
The work of Kinney!® and more recently of Soviet 
investigators" has shown the combustion zone to be 
divided into an inner region where coke burns to CO, 
and a cooler outer region where this CO, reacts endo- 
thermically to form CO. When moisture is present in 
the blast hydrogen appears only in samples from the 
outer zone. 

In the inner zone the combustion of carbon may be 
considered to proceed by the following two stages 


Cc 40, > CO + 4400 Btu/lb carbon 


and CO 40, = CO, 10143 Btu/lb carbon ...... (2) 


where reaction (1) goes to completion and reaction (2) 
proceeds to an extent dependent on the dissociation of 
CO, at the zone temperature. 

Steam will also be dissociated in this inner zone to a 
degree dependent on temperature, and the oxygen so 
produced can participate in reactions (1) and (2). 

In the outer zone the reactions are: 

CO Cc 


2 


2CO 5743 Btu/lb carbon 


H,O + C = H, + CO — 4270 Btu/lb carbon 


both reactions going to completion. 

Calculation on the basis of the above mechanism 
(Appendix IT) suggests that although moisture should 
lessen the difference between the heat generated in the 
inner zone and that required in the outer zone its effect 
will be relatively small. 


Effect of humidified blast on stack reactions 

It has already been shown how moisture in the blast 
increases the reducing power of the bosh gas mainly by 
providing hydrogen. The vital question is to what 
extent does this hydrogen perform useful work in the 
stack. 

From thermodynamic data hydrogen has a greater 
affinity for oxygen than carbon monoxide above 820°C 
and it should therefore be a more efficient agent for the 
reduction of iron oxides in the lower stack and bosh. 
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MOISTURE, ar/ft? 
oTURE, gr/ft 


vensation of hlast temperature for added moisture 





The water produced by the reaction 
H, + FeO H,O Fe 
may react with either carbon or carbon monoxide 


H,O + C H, + CO 
H,O CO H, CO, 


At high temperatures reaction (6) should predomi- 
nate when the net effect of reactions (5) and (6) be- 
comes direct reduction by carbon with hydrogen as 
the catalyst. 

As the temperature falls below 1000°C reaction (7) 
will increase in importance so that hydrogen then 
catalyzes reduction by CO. 


The influence of hydrogen on the reduction of 


iron oxides has been studied recently by Soviet 
workers.".!4 It was concluded from laboratory results 
that 1° additional moisture in the blast increased the 
rate of reduction of iron oxides by 4:7°%, in the tem- 
perature range 800-1000°C. Their results, plotted in 
Fig.2, show that while 5°,H, markedly increases the 
degree of reduction, a further 5°, gives much less 
improvement, suggesting a catalytic mechanism in 
accordance with equations (5) and (7) above. In early 
work on the use of dried blast Lewis* found that lower- 
ing the moisture content below 1 gr/ft® was definitely 
harmful to furnace operation. This is additional con- 
firmation of the catalytic role of hydrogen. 

In the upper stack hydrogen is a less effective 
reducing agent than CO. For example at 427°C with a 
CO/CO, ratio of 1-5 the equilibrium H,/H,O is 14. 
Furthermore, this equilibrium will be unfavourably 
affected by the moisture being driven off from the 
burden and the only factor favouring reduction by 
hydrogen is its more rapid rate of diffusion into ore 
lumps. 

Reduction of iron oxides by hydrogen in this region 
will produce moisture, a proportion of which will 
escape in the top gas. Simik?® has tried to relate the 
extent of hydrogen participation in stack reactions to 
the top gas hydrogen content and concludes that this 
lies between 25°, and 50%, with higher values 
corresponding to furnaces in which good gas distribu- 
tion exists. From the above discussion, measurements 
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TABLE Ii Hydrogen balance, Ib/ton 





Trial no. 


Free H, in top g 


H, as ¢ H, in top y 
lotal H, in t« 
H, fr ym coke 

volatile matt 
H, from blast moisture 
H, from reaction 

in burden 


16-4 20°4 





* Maximum values assuming no participation 

of this kind give no information about the catalytic 
reactions of hydrogen. Also it is necessary to assume a 
figure for the hydrogen in the top gas due to coke 
volatiles and to the reaction of moisture in the burden 
with carbon or carbon monoxide. An indication of the 
extent of the latter reactions is obtained from the 
results of trials using an oxygen-enriched blast 
reported by IRSID.'® From these a hydrogen balance 
can be drawn up as presented in Table IT. 

These figures relate to an ore with a high combined 
water content and show that with this type of burden 
as much as half of the total hydrogen in the top gas 
may be due to the moisture in the burden. 

Although the hydrogen content of the top gas 
generally rises as the moisture in the blast is increased 
it is difficult to make any deductions about hydrogen 
participation from top gas analysis when melting 
home ores. With foreign ore burdens the approach of 
Simik is the best available at present. 

Apart from its reaction with iron oxides hydrogen is 
known to promote carbon deposition by the reaction 
2CO -+C + CO,,.!’ As little as 1°,H, has been shown 
to produce the maximum effect on this reaction and 
since normal blast moistures will provide this concen- 
tration, this side effect of moisture in the blast should 
not be of importance. Practical support for this view is 
found in the large number of reports of smoother 
furnace operation when using humidified blast whereas 
carbon deposition is generally associated with hanging. 

The pick up of hydrogen by iron has also been put 
forward as a danger in using humidified blast. Russian 
workers state that with up to 13 gr/ft® of moisture 
there was no increase in the hydrogen content of the 
pig iron and no evidence contradicting this view has 
been published. 


Effect of moisture on the calorific value of the top gas 

The effect of blast moisture on the calorific value of 
the top gas can be calculated on the assumption that 
the CO/CO, ratio is constant (at say 2: 1) and taking 
three levels of hydrogen participation in the stack (0, 
40, and 80°). Results are plotted in Fig.3 and show 
that at 40% participation the °% increase in calorific 
value is 0-7 per gr/ft® of moisture. It is important to 
realize that this rise in calorific value, whilst it is due 
to a diminution in the nitrogen content of the top gas, 
can only be achieved by additional blast heat or in- 
creased coke consumption. This is only an incidental 
benefit except in the case of a furnace operating at 
such a high efficiency that the gas is approaching the 
lower limit of inflammability. 


Overall thermal effects of blast moisture 


Several factors are involved in the transfer of heat 
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3 Relation between moisture content of the blast and increases 
in the calorific value of the top gas 


from the gas leaving the tuyere zone to the descending 
stock: 
(i) the heat must be available at a potential high 
enough to effect the necessary heat transfer 
(ii) a suitable temperature gradient must be estab- 
lished in the stock column 
(iii) the total heat supplied per unit time must be 
sufficient for the work of drying, calcination, 
reduction, and fusion of the burden. 


Thermal potential 

Thermal potential was first stressed by Johnson!* who 
suggested that it was the heat available above hearth 
temperature which governed thermal economy. Tay- 
lor!® has shown that this is likely to be true only for 
rich ore practice and that with lean ores the major 
factor is the overall thermal requirement. Taking the 
theoretical flame temperature as a measure of thermal 
potential at the hearth level, Fig.l shows that pro- 


vided the blast temperature is raised by a minimum of 


15°C per grain of moisture there will be no decrease in 
hearth heat when using humidified blast. 


Temperature gradient 
It is generally accepted that a limiting factor in the 
use of high blast temperatures is the steepening of the 
temperature gradient in the bosh zone. This effect has 
been demonstrated by Kozlovich?® who took samples 
from the top of the bosh at different blast tempera- 
tures, 
fusion, while at 600°C the samples contained slag. 

On the basis of gas—solid temperature differences 


Taylor!® has calculated that a blast temperature of 


750°C with 17-5 gr/ft® of moisture will give a similar 
temperature gradient to that set up by a normal blast 
at 450°C. Assuming this normal blast to contain 
3-5 gr/ft® this temperature difference is 21°C per grain 
which is close to that calculated from earlier considera- 
tions. 

According to Furnas”! the temperature gradient 
within the furnace is markedly dependent on the value 
of the ratio hgus/hgug where hg and hg are the heat 
capacities per unit mass of burden and gas, respec- 
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With the blast at 850°C there were no signs of 














TEMPERATURE °C 


4 Temperature gradient in a blast-furnace 


tively, and us and wg are the corresponding mass flow 
rates. 

If blast temperature is adjusted so that the ore to 
coke ratio remains constant, changes in blast moisture 
will not alter hs. Also the specific heats of CO, N,, and 
H, are sufficiently close for hg to be taken as constant. 
The mass flow rate us is proportional to the rate of 
burning coke and can be calculated together with uz 
for different moisture contents of the blast. Relative 
values for Agug/hgug are as follows: 

Moisture, gr/ft® 0 5 10 20 30 

hgus/hgtg 1-0 1:02 1-043 1-085 1-138 

Furnas’s results suggest that, if the true ratio is 
close to 1-0, changes of this order will cause appreci- 
able steepening of the temperature gradient in the 
lower part of the stack. 

It is known that an oxygen-enriched blast gives 
both a higher combustion zone temperature and a 
shorter fusion zone. This makes for irregular working 
which can be overcome by the addition of moisture to 
the blast. If Furnas’s approach is applicable, this 
implies that temperature gradient is less important 
than combustion zone temperature, since the effect of 
moisture should be to the temperature 
gradient still more. Alternatively, if Taylor’s approach 
is the appropriate one and moisture has only a small 
influence on the temperature gradient, the result will 
be as indicated diagrammatically in Fig.4. With moist 
blast the temperature curve becomes S-shaped due to 
the greater amount of indirect reduction occurring in 
the upper stack. 

The choice between these two alternatives is an 
important one, affecting the theory of injection of 
other fuels at the tuyeres but more information is 
required before a decision can be made. 


steepen 


Total available heat 

Colclough”* has calculated the heat generated by com- 
bustion at the tuyeres and by oxidation of CO and H, 
in the stack (assuming 40°; utilization of these gases) 
to illustrate the benefits of humidified blast. 

Similar calculations have been made for a dry blast 
of 600°C and for humidified blast at various tempera- 
tures with 5, 10, 20, and 30 gr/ft® of moisture. Because 
of the uncertainty as to its extent, levels of hydrogen 

















5 Effect of moisture on production assuming 0° 


h ydroge n partici patu mn 


participation in the stack of 0, 40, and 80°, have been 
assumed. Results for a moisture content of 10 gr/ft*® 
are given in Table IIT. 

From these figures it is possible to estimate the 
effect of blast moisture on production and coke rate at 
constant blast volume, assuming that the total heat 
required to produce unit weight of iron remains 
constant. 

Results are plotted in Figs.5 and 6 as percentage 
change in production and coke rate relative to dry 


blast at 600°C for levels of hydrogen participation of 


0 and 40% respectively. These graphs illustrate the im- 
portance of hydrogen participation. For example, with 
10 gr/ft® of moisture, 150°C additional blast tempera- 
ture and no participation coke rate is up 1-6°%, and 
production only increases by 2°,,. With 40°, participa- 
tion production is up 4°, while the coke rate is un- 
changed. 

The temperature corrections necessary to prevent 
an increase in coke rate are also affected 


TABLE Ill 


Total available heat Btu/1000 ft° of biast 





Dry 
blast 


Hoo 


HO 000 


£054 


60 000 


4054 


60 000 


$054 


60000 


O54 
61754 55946 55946 
22127 22004 22004 


22173 » 340 29441 


5946 55 4 
22004 22904 


7679 


eat of coke 
ensible heat of air 
1 le heat of 
motture 


otal sensible heat 


rst 
1128 
44300 93 53563 


Total heat attuyeres 106054 
Theoretical flame 
temp., 4 1983 
it from stack react 
~CO, 57000 
fH, 90 
~ 40 p24 
80% Goss 
Total available heat 
No H, participatic n 
40% 9 ” 
B06 »» 


163054 
163054 
163054 


164562 
167856 


171150 


172717 «177355 
176011 


179305 


180649 


183943 
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6 Eff 


hydrogen parti epation 


t of moisture on pre 


Moisture, gr/ft?® 
Temp. correction, 
C/grain (no H, par- 
ticipation) 

Temp. correction, 
°C/grain (40° H, par 
ticipation) 13-5 13-1 

It will be noted that compensation decreases slightly 
with rising moisture content due to a squared term in 
the equation relating content of the blast to tempera- 
ture. 

Since the above calculations assume a high furnace 
efficiency (CO/CO, 1-5) before moisture addition, 
practical benefits would be expected to be greater if 
moisture ieads to improved operation 

Both Soviet results and figures from the 
Steel Co.® that each additional 
moisture increases production by 0-7° 


Inland 
grain of 
_ while lowering 
the coke rate by 0-2°%,. Figure 5 gives the production 
increase as 0-35°, per grain with a small increase in 
coke consumption, while Fig.6 gives 0-55°, extra 
production and 0-1°, coke saving. Although Fig.6 
appears to give better agreement with results obtained 
in practice, this should not be taken as proof that 
hydrogen 1S participating to the extent of 40 
part of the reported increase 


suggest 


, since 
may be due to the 
benefits of smoother operation. 

In some trials with humidified blast, e.g. Aliquippa, ' 
blast temperature was kept constant or only slightly 
increased, The poor results obtained are to be expected 
since the hearth chilled and the thermal 
balance of the furnace upset 


will be 


DISCUSSION 


Since variations in natural humidity are relatively 
small in this country, the main reasons for considering 
the use of humidified blast are 


(i) to increase production by making possible the 
use of higher blast temperatures through the 
effects of moisture in maintaining a suitable 
temperature gradient and speeding up stack 
reduction so that the burden arrives at the 
hearth adequately prepared in spite of the 
faster driving rate 

(ii) as a means of controlling hearth heat 

(ili) to increase slightly the calorific value of the top 
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gas which in modern furnaces is becoming pro- 
gressively lower making the gas difficult to burn 
to give smoother operation of the furnace for 
reasons not fully established but which may be 
related to the effect of humidified blast on gas— 
solid distribution and temperature gradient. 
A necessary condition for the injection of steam is 
that there should be some additional blast heat which 
cannot be utilized with a straight air blast. This condi- 
tion is often fulfilled in practice where operators keep 
some blast heat in reserve to provide a temporary 
remedy for a chilled hearth while making adjustments 
to the burden ratio. 


sy the addition of moisture (1 gr for every 20°C of 


spare blast heat) this reserve can be fully utilized with 
no increase in coke rate, a gain in production and 
probably smoother operation. Should the hearth 
become chilled, extra heat is immediately made avail- 
able by shutting off the steam for a while. 

This method of control has been successfully 
adopted at one works® where blast pressure is used as a 
guide to hearth conditions. 

Under present circumstances this use of steam for 
the rapid control of hearth heat appears to be the 
most promising application. 

Looking ahead there is undoubtedly a strong trend 
towards the use of higher blast temperature made 
possible through improved stove design and materials 
of construction, automatic reversal control, ete. 

Just as oxygen enrichment has proved practicable 
only in conjunction with steam conditions, the 
utilization of this additional blast heat may entail the 
injection of steam or possibly fuel. On the other hand 
it may prove possible to carry this extra blast heat by 
improved burden preparation and sintering or by 
modifying furnace lines to take account of the shorter 
and lower slag fusion zone. 

The addition of moisture for the sake of its inherent 
advantages may not then be justified but it should 
retain its value as a method of operational control. 

Considering the whole cycle of blast-furnace opera- 
tion extra heat is needed to increase the blast tem- 
perature and raise the appropriate amount of steam. 
Comparing the cases of dry blast at 600°C and moist 
blast (10 gr/ft®) at 750°C calculation shows that the 
increase in calorific value of the top gas gives an 
amount of potential heat roughly equal to the extra 
heat requirement. Allowing for the inefficiency of con- 
version there will probably be a small decrease in the 
overall thermal efficiency of the furnace and its 
auxiliaries when using humidified blast. 


CONCLUSIONS 


1. Caleulations on a thermal basis indicate that, 
assuming 40°,H, participation in stack reactions, pro- 
duction will be increased by the addition of steam to 
the extent of 0-55°/ /er and that with 14°C of extra 
blast heat per grain the coke rate will be unchanged. 

2. The results achieved in Soviet and US practice 
are somewhat better than this (gain in output 0-7%/ 
gr) with a small saving in coke. These additional gains 
may be attributed to the effects of smoother furnace 
operation. 

3. The chief uncertainty when considering the effects 
of moisture on furnace performance is the extent to 
which hydrogen participates in stack reduction. 
Practical investigation of this factor would be most 
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valuable since it has a major influence on the benefits 
possible with humidified blast. 

4. Whether steam additions are economically worth 
while must depend on the conditions in a particular 
works. When adequate gas and stove capacity are 
available to give higher blast temperatures, the 
benefits of increased production, smoother operation, 
and a richer top gas should justify the cost of the 
equipment required. 
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APPENDIX | 

CALCULATION OF AVAILABLE HEAT AT TUYERES 
AND THEORETICAL FLAME TEMPERATURE 

Data employed 

Heats of reaction 


29333 cal/g-mol 
H, — 28467 cal/g-mol 


C+ 30, = CO 
H,O +C co 
Sensible heat 


CO,N,,0,, A t (6-935 
g-mol 

B t (8-361 + 
g-mol 


Ho. } t (6-943 


- 0:000677¢ + 0-13 > 


10-®¢?) cal 


H,O 0-000883t 0-13 10-5¢?) eal 


0-00040¢ 10-8?) cal 
g-mol 


Coke (assumed at 1500°C) 1500 cp 10500 eal/g-mol 
Calculation 
2C + QO, 2CO 3:76N, 


2:76N, 
2 4:76 g-mol air = 2 g-mol CO 


2 g-mol carbon 
g-mol N, 


3°76 


Consider the combustion of carbon by 4-76/2 = 2-38 g-mol 
of air containing w g-mol of H,O at temperature t° C 
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Relation between temperature, available 


theoretical flame tem) 


heat at tuyeres, and 
f 


erature for different moisture contents 


(i) Heat of reaction 28467 w 


29333 (1 - =r 


> 
29333 

blast 

Air 1 (2-38 

Moisture Bw 

Coke 10500 (1 0-58ea 


(ii) Sensible heat in 


(iii) Sensible heat in bosh gas at temperature 7'° 


A (2:88 — 0-2lw) + C/w 


The introduction of British metallurgical techniques into Austria 


and ¢ equat 


oisture Cont 


is 10] 


APPENDIX II 


TEMPERATURE DISTRIBUTION WITHIN 
COMBUSTION ZONE 
For 1 ft® of last ! 


Inner zone 
He it 


completion 


H 
H, 
Heat absorbed 
H 0-OS83a 
Additional heat 
ot steam 
Hy, 
Total heat 
H, +H 
204-1 


ciation 


- O00Sad 
142-4a 
Outer zone 
Heat abs« 
H, l 
Heat absorbed by reactir 
H, = 0-0405zx (1 
Total heat absorbed in 
H, H, 191-9 a) (1 
Assuming a ten pera 


wrbhed bv reaction CO, ( 
0-00284 l a) 191-9 
i n H,O ( 

r zone 
0-002842) 00-0405 (1 a')\)x 


g 2 500°C the inner zone, the 


] m of CO,*4 


g values 1 = mn for the di sat 
und H,O 

CO, a 0-4] 

HO 0-437 
Substituting these values and 

Heat generated 

Heat absorbed } 
Thus for 10 gr of 1 


and oute yes changes from 258-9§ 


followin 


taking 10 gr ft rf 
145-74 O-3432r 
113-24 


the difference in heat 


moisture 
142-3 
110-24 
generated in 


to 252-54. The 


inner zone 
outer zone 0-302 
oisture 
the inner 
difference is 2°5 


The introduction of British metallurgical 
techniques into Austria 


/. Krulis-Randa 


IN THE EIGHTEENTH CENTURY the Austro-Hungarian 
Empire was an agricultural economy of low technical 
level; manufacturing industry was of no great import- 
ance and backward in nature. Towards the end of the 
eighteenth century, however, industrial development 
advanced, in Austria in general but particularly in 
3ohemia, the Czech region, mainly in the lighter 
Manuscript received 8 August 1958. 

The author is a Czechoslovakian industrial historian 





SYNOPSIS 


It is shown that Many important me tallurqgical advances 


such as coke blast-furnace 3, the puddling process, im- 
and the Thomas 
introduce d 
Austria directly from Britain. The influ nee of Germany 
upon the development of the Austrian iron industry is 


much less than is u sually believed. 1624 


provements in mills, and 


rolli nd 


Besse mer converte r proce SSE8 were into 
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industries such as the textile industry and glass manu- 
facture; it was in these two branches that the influence 
of British industrial development was first felt. A 
spinning-jenny of British design was constructed at 
Vernerice in Bohemia in 1797! and attempts were 
made in 1767 and in 1770 at Horovice, also in Bohemia, 
to manufacture glass using coal as a fuel in what was 
described as ‘the English way’ .* 

The first steam-engine to be constructed in Austria, 
which was of Watt design, was erected in 1806-1807 at 
the Polytechnic High School in Prague; not only were 
Watt’s plans used but the makers were able to refer to 
a model supplied by Boulton and Watt themselves, 
which had reached Prague in 1803 by way of Vienna. 
The parts for this steam-engine were cast at Hofovice 
in the ironworks of Count Vrbna.* At that time the 
Austrian ironworks were all located in valleys where 
water power was available, and amid forests whose 
timber was converted into charcoal in heaps on the 
site; iron ores were mined from shallow pits or open 
workings. An ironmaking industry carried out in such 
a manner could not be much enlarged or developed, so 
that when the last charcoal furnace in England was 
blown out in 1829,4 there was still not one coke blast- 
furnace in Austria, for the first Austrian coke blast- 
furnace went into production in 1836 at the Vitkovice 
(Witkowitz) ironworks.® 

It istherefore quite understandable that in 1826-1827, 
although the Austrian monarchy was not only larger 
in area but of a greater population than the British 


Isles, British coal output was 100 times that of 


Austria. The greater part of the Austrian coal produc- 
tion came from the Czech regions of Bohemia, 
Moravia, and Silesia, but even by the middle of the 
nineteenth century, when Britain was producing 
2-7 million tons of pig iron from 655 blast-furnaces, in 
Austria, though 206 blast-furnaces were in use. less than 
200000 tons were made and only 5000 tons of this 
amount in the coke furnaces at Vitkovice.® 

Direct British influence at Vitkovice can be readily 
proved; the designer of these works was F. X. Riepl 
(1790-1857), professor of natural philosophy in Vienna, 
who had twice been to England where he examined the 
Liverpool—Manchester railway and visited English 
ironworks. He had been particularly interested in coke 
blast-furnacesandthe puddling process. Riepl initiated 
the construction of the first steam railway in Austria, 
the Northern Railway, which connects Vienna to the 
salt works of Bochnia and the coalfields of Ostrava 
Karvinna. There is no doubt that the first puddling 
furnaces and the blast-furnaces at the Vitkovice iron- 
works were built in the British style. While he was in 
England Riepl hired three ironworkers (Hiitten- 
David Evans, David Thomas, and William 
their duties were to introduce the English 
puddling process to Vitkovice and to instruct the local 
workers in their methods. The first puddling furnace 
at Vitkovice, which was also the first in Austria, was 
lit on 16 September 1830, and the first coke blast- 
furnace was blown-in some time in 1836.7 It is inter- 
esting to note that the proprietors signed an agree- 
ment to use only coke for its operation. The coke was 
produced, not only at the blast-furnace but at the 
coal mines as well, in coke-ovens that were described 
as Gewédlben 


merster), 


Jones; 


(vaults): once the blast-furnace was in 


operation a type of beehive oven was used. The 


number of these ovens was increased in 1840 and by 
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1843 it was reported that Vitkovice had two blast- 
furnaces and twenty-six ‘English’ coke-ovens.*® 

While he was in England Riepl was in touch with 
Sir Robert Stephenson and it was at Stephenson’s 
suggestion that locomotives, and not horses, were used 
on the Vienna Northern Railway. Rails and locomo- 
tives were imported from Britain for its construction 
and with the first locomotive came an English engine- 
driver to instruct the future engine-drivers of Austria.® 

During this period many engineering workshops 
were erected in Austria, chiefly in 
3ritish engineers. 


Sohemia, by 
Engine builders, such as Brace- 
girdle, Thomas, Evans, Pack, and Ruston, made them- 
selves a second home in the country, associated them- 
selves with local engineers, and set up establishments 
which lasted for many years.!° For instance, Edward 
Thomas established a workshop at Karlin (Karolinen- 
thal), a suburb of Prague; he returned to England for 
a visit in 1835 and on his return built a modern rolling 
mill at Stara Hut u. Berouna, on one of the estates of 
Prince Furstenberg. This mill had the most up-to- 
date equipment available, cost more than 500 000 
Austrian florins and was at that time the best mill in 
Austria. The management entrusted to two 
brothers from Staffordshire, named Whitehouse.?! 
The products of Prince Furstenberg’s ironworks were 
highly valued in Austria, and other countries and won 
a first-class medal at the 1851 Great Exhibition i 
London. 

More British influence can be seen at Kladno; 
Adalbert Lanna, the founder of the Kladno Iron 
Works Company (Prager Eisen Industrie Gesellschaft) 
visited England in 1852 to study the methods in use 
there before he erected the blast-furnaces and foundry 
at Kladno.!* Moreover, when steam blowers were 
installed at Kladno in 1860 they were obtained from 
James Watt and Company; after a later reconstruction 
they remained in use till 1908.18 

Perhaps the most important, though not the last. 
assistance which the Austrian and Czech iron and 
steel industry received from Britain was the intro 
duction of the Bessemer and Thomas converter pro- 
cesses. These two methods raised iron and steel produc 
tion toa high level, which made possible the establish- 
ment of many other industries. They concluded a 
stage in the ‘industrial revolution’ in Austria. 

When the Bessemer process was announced in 1856 
it was not greeted with full approval in every country 
but the Austrian metallurgist, Peter Tunner of 
Leoben, immediately realized the significance of 
Bessemer’s invention and was certain that it could be 
developed successfully!*; he considered that the pig 
iron made from Sturian iron ores would be well suited 
to the process. Among the first Austrian technicians 
to visit England to study the process was one Kofinek 
sent by the Czech nobleman Schwarzenberg, pro 
prietor of an ironworks at Turrach in Styria, to study 
the process at the works of John Brown and Co. in 
Sheffield. As a result of his report a converter plant 
was built at Turrach in 1862 and the first blow took 
place on 21 November in that year, in the presence of 
Peter Tunner himself.!° Two metallurgists were also 
sent to England from the Vitkovice works and they 
studied the process not only at the works of John 
Brown but also at Bessemer’s plant nearby. They 
returned to Vitkovice with a set of drawings, and trials 
of the plant took place in May 1866.'° 


was 
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Another company to take the same step was the 
Berg- u. Hiittengesellschaft of Silesia which introduced 
the process at Karlova Hut in Moravia, when theit 
metallurgists had studied the process 1n England and 
acquired a licence from Bessemer himself.!7 Subse 
quently the Thomas Ol hasic- Bessemer process mm 
creased the prosperity of the Czech iron industry by 
making possible the use of the phosphoric chamosite 
oolite iron ores of Bohemia. Thomas granted a licence 
for the process direc tly to Prazska Zelezaiska Spoleeé- 
nost (Prager Eisen Industrie Gesellschaft) of Kladno 
The first successful demonstration of the process on 
the European continent took place at Kladno between 
Il and 13 May 1879, with trom 
Thomas; he was anxious to secure the patent rights for 
the Austro-Hungarian Empire.!* His haste in this 
matter may have been because he knew how Si Henry 
had unable to establish his patent 
rights in Germany in face of the opposition of Fried. 
Krupp and Co., ippear to 
have been supported by the German Patent Office. 

The ironworks at Vitkovice 
and the manager, Paul Kupelwiese1 
(1842-1919) was sent to England; in the company of 
P. C. Gilehrist he visited ironworks in Middlesbrough 
to examine the process himself and to study the manu- 
facture of the necessary refractory materials. He 
quickly avgreed on the licence with Massenez of Horde 
at Vitko- 
vice in August 1879.!° The process was carried out 
slightly differently from the operations at Kladno; a 
duplex process was employed, the first converter being 
acid-lined and the second basic-lined.?° 

Many other auxiliaries to ironmaking in Austria 
were constructed to British designs, such as blowers 
and hot-blast stoves; in the latter instance both 
Cowper’s and Whitwell’s designs were adopted. In the 
early 1870's blast-furnaces of a so-called ‘Scotch’ 
design were erected with outer shells of iron plates.*! 


some 


assistance 


Bessemet been 


whose efforts to defeat him 


were also anxious to 


secure a licence 


(Germany), and successful trials were made 
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It is hoped that the examples given will show how 
strong was direct British influence on the development 
of iron manufacture in Austria as well as in Bohemia. 
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Final report of service trials of steel coal 
wagons (1939-54) 


INTRODUCTION 

tN 1939, at the suggestion of Mr T. Henry Turner and 
in collaboration with the former London and North 
Eastern Railway Company, the Corrosion Committee 
began some service trials on the floor plates of steel 
coal wagons. An interim report on the research was 
published in 1951.? It was then intended to continue 
the trials for a considerable period, as the probable life 
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SYNOPSIS 

The SETUUCE trials of ordinary and low alloy steel floor 
plates built into coal wagons that were begun in 1939 have 
been concluded. The results show that an increase in life 
of up to 50°, may be expected when a suitable low-alloy 
steel is used for such purpose s instead of ordinary mild 
steel 1769 
of the plates was estimated at 25 years or 
However, in 1954 the concerned 
altered from side-tipping wagons to tippler wagons by 
welding up the doors. This made it impossible to con- 
tinue routine measurements of the thickness of the 
plates, so the trials were concluded in September 1954, 
after about 15 years’ service. 


more. 


wagons were 
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20-ton side-discharging coal wagon used for the trials 


EXPERIMENTAL 

The wagons were originally of the 20-ton side-dis- 
charging type, with four floor plates, } in. thick in 
each (Fig.l). It was arranged that each of the four 
plates in a batch of 100 wagons should be made from 
a different steel. The steels selected were mild steel, 
copper steel, copper—Manganese steel, and copper— 
chromium steel; their analyses and mechanical proper- 
ties are stated in Table I. 


The wagons went into service during the latter half 


of 1939 and have been continuously engaged since then 
in carrying coal to the Cleveland coke ovens. Through- 
out this time, at intervals originally of six months and 
later of one year, the thickness of the plates near their 


bottom edges was measured, for a random sample of 


10-12. wagons, by a micrometer. In _ addition, 
on two occasions more accurate determinations of the 
wastage were made, either by drilling some of the 
plates, or by cutting out whole plates and weighing 
pieces of known area taken from them. 

The new and final results to be reported now relate 
to five plates of each steel taken from a random sample 
of five wagons after 15-1 years’ service. Each plate was 
sheared into nine vertical strips, as shown in Fig.2, 
and the thickness was measured at regular intervals 
along the edges. Then five rectangular pieces, each 
about 13in. x 10 in., were cut from the four corners and 
the centre of the plates. These pieces were weighed 
after the rust had been removed from them by warm, 
inhibited, dilute sulphuric acid. The area of each piece 
was measured and its average thickness was then 
calculated from its weight. By subtracting this 
average thickness from the original thickness of the 
plate (about } in. (250 mils) but differing slightly for 
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TABLE | Analyses and mechanical properties of the steels 





Mild 
steel 


Copper 
steel 


Copper- 
manganese 
steel 


Copper- 
chromium 
steel 





Chemical] analysis, 


Mechanical properties 
Yield stress, tons/in? 
Ultimate tensile stress, 

tons/in® 
Elongation, 
Reduction in area, ‘ 
Brinell hardness, 

30 kg load 





each type of steel) figures for the wastage at the places 
concerned were obtained. 


RESULTS 

Values for the loss in thickness of the plates, caleu- 
lated from the weights of the samples cut out after 
15-1 years, are given in Table IT. Figure 3 shows the 
variation in the thicknesses of the plates near the 
bottom edge throughout the trials. The average 


wastage for each steel deduced from the thickness 
measurements along the edges of the strips is plotted 
as a contour diagram in Figs.4~7. Finally, the average 
analyses of samples of rust taken from the plates at 
the last inspection are given in Table IIT. 


DISCUSSION 
It is evident from Figs.4—7 that the wastage at the 
bottom edges of the plates, particularly near the 
outer corners, was much more than the average. The 
sampling area to which the contours relate finished 
about 7 in. above the lower horizontal edges. By 
extrapolation the following figures can be deduced for 
the average wastage of the plates at the outer bottom 
corners in 1954, after 15-1 years: 

Steel Ordinary Cu Cu-Mn Cu-Cr 

Wastage, mils 170 128 113 106 

It seems probable that the service lives of the plates 
would have been determined by failure at these outer 


Approx 
63 Strips 


= yo |3 wide Top 





, 


+ 











Strip no 3 4 5 6 7 8 9 
Positions for thickness measurements 
\3"x 10” samples 
Overall dimensions |O |O"x § 4° 


2 Method of sampling plate 8 
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TABLE Ii 
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Losses in thickness of the plates after 15-1 years; deduced from the weights of samples 





Loss in thickness, mils 
Ordinary steel 


Position of sample 


Copper steel 


Copper chromium 


Copper-—manganese 
PI 
steel 


steel 





Av. 
61 
61 
46 
71 
48 


Max. Min. 
83 


Min. 
1 op outside corner , 
Top inside corner 
Centre 

Bottom outside corner 
Bottom inside corner 


64 
85 


62 


Max. 


39 


Max. Min. 
42 25 11 3 

49 35 23 45 37 
1} 3 2 13 7 15 
58 q 60 
42 51 


Max. Av. Min. 


15 


l 22 


68 








Overall averages 





Loss in thickness, mils 
(all steels) 

34 

46 

17 

dl 

40 


Position of sample 
Top outside corner 
Top inside corner 
Centre 

Bottom outside corner 
Bottom inside corner 


Loss in thickne 
Steel 
Ordinary steel 
Copper steel 23 
Copper-manganese steel 25 
Copper—chromium steel 31 


all positior 


06 





* Result for the centre weighted by x 2 in relation to the results for 


bottom corners. If the failure point is fixed at a 
residual thickness of 50 mils, and the wastage 
assumed to continue at the same rates, the estimated 
lives of the plates work out as follows: 


18 


Steel 

Ordinary 

Copper 
Copper—manganese 
Copper-chromium 


Estimated life, years 
18 
23 
26 


30 


The greater wastage of the plates near the bottom 
edges may be partly due to the abrasive effects of the 


the four corners 

coal, when it slides over the surface at the time of 
discharge. If so, the greater hardness of two of the 
low-alloy steels as compared with ordinary steel 
(see Table I) may have helped to contribute towards 
their better performance; a paper by J. Dearden and 
J. D. Swindale? is of interest in this connection. How- 
ever, it was noticed that increased attack leading to 
bevelling near the edges had occurred on the under- 
sides of some plates, which were not in contact with 
coal and which were painted before the wagons went 
into commission. This attack may have been caused by 
condensation and the local accumulation of coal dust. 





> 6 
1945 


1940 
T\IIDAT 
DURA 


3 Variation in the thickness of the plates at the bottom edge 
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4 Wastage of ordinary steel floor plate s afte r fifte en years (unit is 0-001 in.) 
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hi, 
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5 Wastage of copper steel floor plates afte r fiftec n years (unit is 0-001 in.) 


The estimated lives at the outer bottom corners 
suggest that floor plates of the low-alloy steels might 
be expected to have a 30-70%, longer service life than 
ordinary steel. This conclusion is supported by the 
contour diagrams for the plates shown in Figs.4—7 and 
by the losses in thickness of the sample pieces reported 
in Table II. It is doubtful, however, whether any 
distinction between the three individual low-alloy 
steels is warranted by the experimental data. 

The superiority of low-alloy steels under the service 
conditions in question was also observed in some trials 
made by the British Transport Commission* on door 





* The results of these trials, which were undertaken by the 


Research Department of British Railways, have been com- 
municated to the author through the courtesy of Mr T. Henry 


Turner and have not been published. 


plates made from four steels of similar but not identical 
types to those mentioned in Table I. After five years’ 
service the average wastage of these doors, as observed 
from a sample of five wagons, with one door of each 
steel per wagon was 

Steel 

Wastage, mils 49 

Other evidence pointing to the same conclusion has 
been obtained in trials made by steelmakers and 
wagon builders both in the UK and the USA.? 

The advantage of using low-alloy steels for the con- 
struction of the floors and sides of mineral wagons thus 
seems to be indisputable. It should be noted, however, 
that the difference between the corrosion resistance of 
the low-alloy steels and that of ordinary mild steel is 
less than in straightforward outdoor exposure tests. 


Ordinary Cu Cu-Mn Cu-Cr 
384 26 
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7 Wastage of copper chromium steel floor plates after fifte en years (unit is 0-001 in.) 
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TABLE Ii! Analyses of rust samples 
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Ordinary steel 
Min Max 


5S.G. at 20°¢ 
pH of aqueous extract 


Moisture, 
Fe, total, ° 
Fe 


e, ferrous, °; 3 5-6 
Cr, % < 02 
Cu, Yo O38 
Mn, % 28 0-33 


3 r 
6 1-9 
0-03 0-04 
0-18 0-43 


a 

u 
? 
OS 





Thus, the average penetrations of specimens of the 
four types of plate after six years’ exposure at Sheffield 
were 23-0 mils for the ordinary steel, 19-2 mils for the 
copper steel, 17-0 mils for the copper-manganese steel, 
and only 8-2 mils for the copper—chromium steel. 

The US investigator, H. R. Copson, has advanced 
the theory that the superior resistance of low-alloy 
steels to corrosion in the open air is due to the accumu- 
lation of insoluble basic sulphates of the alloying 
elements in the rust, which is thereby consolidated into 
a more compact and relatively protective laver.* He 
has adduced experimental evidence of this and similar 
results have been obtained in British researches.® The 
analyses of the rusts given in Table III show that 
under the conditions to which coal wagon floor plates 
are exposed this mechanism does not operate or 
operates only partially. The sulphate contents of 
the rust samples from the wagon plates, which 
average about 0:25°,, are much lower than the values 
for rusts formed in the open air, which range from 
about 2°, upwards. Moreover, in the latter case the 
sulphate content of the rust increases with the corro- 
sion resistance of the steel, whereas this is not so for 
the rusts from the floor plates. Another pertinent point 
is that aqueous extracts of the rusts from the coal 
wagons are alkaline, pH 8-9, so that the acid condi- 
tions that favour the better behaviour of low-alloy 
steels do not obtain. It may be that, as the steel floor 
plates are in contact with coal for long periods, the 
conditions to which they are expr sed are intermediate 
in character between atmospheric corrosion and soil 
corrosion, Experiments have shown that low-alloy 
steels corrode at substantially the 
ordinary steel when buried in soil.® 

No rigid conclusion can be drawn from the trials as 
to how the wastage of the plates varied with time 
but it seems improbable that there has been any 
acceleration in the rate of wastage over the years. The 
average original thickness of the plates of all four 
steels in 1939 was 251 mils. This had fallen to 229 mils 
in 1947 and to 217 mils in 1954. The last two figures 
are deduced from the weights of derusted sample 


same rate as 





pieces and the value for 1947 may not be truly repre- 
sentative, as plates were taken then from only one 
wagon. 


CONCLUSIONS 


The additional results given in this report confirm the 
main conclusion drawn from the earlier work, which 
was that it is of practical value to use low-alloy steels 
instead of ordinary steel for the construction of the 
floor plates of coal wagons, and, by inference, for their 
bodies as well. Under the given conditions of service it 
would seem reasonable to expect a }-in. thick floor 
plate of a suitable low-alloy steel to have a life of at 
least 25 years. 
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Letter to the Editor 


Solid state reduction of ilmenite 


ILMENITE, schematically FeTiO,, can be partially reduced to 
titanium oxide and metallic iron. The process can be carried 
out at moderate temperatures and the iron separated mech- 
anically from the reduction product. The efficiency of the 
separation, i.e. the recovery of the iron and the purity of the 
respective fractions, depends, however, on microstructural 
relations in the material. This fact will be dealt with in this 
letter. 

Figure | shows the structure of grains of ilmenite concen- 
trate from Otanmaki, Finland. The matrix of the grains con- 
sists of the mineral schematically, FeTiOQ,. The 
light inclusions are iron oxide, hematite at room temperature 
changing into magnetite of elevated temperature. In Fig.2 the 
material 


ilmenite or, 


The structure after 
reduction bears a close resemblance to the ore. Most of the 


is shown in the reduced state 
metallic iron lies in the same place and has about the same 
shape as the former iron oxide inclusions. It is concluded that 
the latter have served as preferred nucleation sites for the 
metallic iron, except for a smaller portion of it which has 
formed at the outer surface of the grains. 

It is evident that mechanical separation of the iron from the 
titanium oxide matrix will be favoured by increasing size and 
decreasing number of the iron particles. The shape of the 
particles is also of importance; their surface ought to be 
rounded and convex. It was found by experiment that these 
requirements could be fulfilled to a 
of a high temperature of reduction 


great extent by use 
and of carbon and also 
carbon monoxide in preference to hydrogen as reducing agents. 
Furthermore some additions such as compounds of alkali 
metals, boron, phosphorus, and fluorspar gave rise to a coarser 
precipitate of iron. (Not only did these additions affect the 
heat 
precipitate 


reduction positively; even a treatment of a pre- 
with the 


additions mentioned, resulted in a greater coarsening of the 


viously reduced fine together one of 


particles than the one occurring at annealing without addi- 
tions.) It is believed that the effect of the above mentioned 
variables and 
growth of iron by varying the supersaturation of iron and the 


was to change the conditions of nucleation 
surface tension relations. 
Another approach to the precipitation problem is to elimin- 
ate the iron oxide inclusions before reduction takes place Such 
heat- 
( O, or 
H,-+-H,0 in such proportions that the iron was on the verge of 


a homogenization of the ilmenite could be obtained by 


treatment of the concentrate in an atmosphere of CO 


being reduced, At the subsequent main reduction annealing 


lmenite concentrate from Otanmaki Of 
tak 
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3. Limenite 


and later reduce 


first homoqenized in 90 A > 


dhy CO at 1100 ¢ 


only a minor part of the iron appeared insid 
most of it 
Fig.3 


the concentrate t 


. while 
was formed at the 
yuld 


gether with tron oxide 


outer surface. Thi shown in 


Homogenization ce also be achieved innealing 


> appli ation of the above mentioned findings, solid state 


reduction on a producti mn scale was 
the sponge 


slightly above 1200 ( 


carried out according to 


Hoeganaes iron process. The temperature was 


and the reducing agent was coke breeze. 


By use of proper additions the iron content the product 
. pro} I 


could be effi rently separated magneticall The titanium 


satistactor, se as a 


oxide fraction was of raw 


material for pigment production 
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The development of metallurgical spectroscopy 


E. H. S. van Someren 


WHILE THE BEGINNINGS of spectrochemical analysis 
can be traced back to empirical tests, made before the 
nature of spectra was discovered, I am only going to 
talk about the development of the metallurgical 
applications of the subject, and particularly its indus- 
trial use. If I use the word ‘analysis’ without any 
qualification, you will understand that I mean analysis 
by means of emission spectra. 

Two British pioneers, Hartley and Ramage, did 
much of the preliminary work in this country, and they 
put in several years of research on a problem which has 
often attracted spectroscopists, that of observing the 
flame of a Bessemer converter. Between 1895 and 1900 
they made several long visits to steelworks and publish- 
ed a series of papers in the Philosophical Magazine 
and the Proceedings of The Iron and Steel Institute. 
They not only made records of spectra, but also 


photographed the flame, and continued a series of 


observations throughout a ‘blow’ of the converter. 
They charted all the lines they found between 3220 
and 6290A, a remarkable feat since they had to sensi- 
tize the plates themselves to include most of the 
visible spectrum. In the spectra they found, of course, 
calcium, iron, and manganese, and they were able to 
identify bands due to the oxides of these three ele- 
ments; unfortunately phosphorus gives neither lines 
nor bands in the region they could observe. They also 
found all five of the alkali metals, gallium, silver, and 
copper; and they were so thorough that they obtained 


samples of the ores used and verified the presence of 


all these unexpected elements. Their last report to The 
Iron and Steel Institute concentrates on the basic 
Bessemer process; and since no definite conclusions are 
drawn we may deduce that they could discover noth- 
ing more from their spectra than the eve can see from 
the changes in the flame. The same conclusions may 
be drawn from a paper by Breckpot and Juchniewicz 
fifty vears later on the same subject; they had the 
advantage of being able to record the spectra further 
into the ultraviolet, and of having adequate wave- 
length tables; but they still avoid drawing definite 
conclusions frem the recorded spectra. They also tried 
a direct-reading spectrometer with two photocells, and 
say that with this instrument observations of the 
intensity distribution in the spectrum background 
would lead to some useful information about the end 
of the conversion process. Since no further results have 
been published in the subsequent decade we may take 
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SYNOPSIS 


The growth of the scope of spectrochemical analysis in 
metallurgical work is outlined with particular reference 
to the Bessemer process. The increase of accuracy result- 
ing from the introduction of microphotometers and then 
of direct-reading spectrometers is then traced. Finally the 
growth of the bibliography of the subject as a record of its 
development is outlined for the period 1925-50. 1761 


it that for this light source the eye is as good as the 
spectrometer. More recent work on the subject by a 
German team has led to definite conclusions; they 
recorded the integrated emission with a spectrometer 
set on a specified wave-band; and by the use of this 
indication together with a temperature reading of the 
metal in the converter they were able to recognize the 
moment at which blowing should stop and the metal 
should be poured out; this method was used in a Dort- 
mund steelworks for several years. The problem was 
thus solved in less than sixty years of intermittent 
trials; and I think our younger spectroscopists should 
refuse to be discouraged by any of the failures which 
are being reported nowadays. 

In the years 1895 to 1920 the Count de Gramont in 
France was trying to make spectroscopy more widely 
known, and Twyman notes that it was during the 
1914-18 war that de Gramont drew the attention of 
the ministries of war, of munitions, and of the navy to 
the value of rapid analysis in testing defence materials. 
At about this time the University of Liége installed a 
spectrograph; and in 1924 Dr F. Lowe one of the staff 
of Messrs Zeiss, read a paper on spectral analysis to a 
conference in Austria. 

By that time Messrs Hilger had a range of quartz 
spectrographs with low, medium, and large dispersion 
commercially available; and in this country these 
instruments were in use in several academic labora- 
tories, and in the consultant work of Dr S. Judd 
Lewis, who used spectrum analysis a great deal for 
thirty years. 

One of the first industrial laboratories to use 
spectrographs was the General Electric Co. at Wem- 
bley, where many technical problems were solved in 
this way between 1920 and 1925, but little of this was 
published except for some reference to the analysis of 
tungsten in the book published by Dr Smithells in 
1926. Another industrial pioneer was J. R. Green,* 
who in 1927 published the first analytical paper from 
an industrial laboratory, which I can trace in this 
country. He dealt with the estimation of tin in lead 
and in solder, and the latter was admitted to be rather 


*Batchelor, Robinson and Co., Llanelly. 
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difficult. T'he Journal of the Socrety of Che mistry and 
Industry which published this work had previously 
published a paper by Twyman, also on metallurgical 
analysis, which outlined the application of spectra to 
such alloy systems as antimony-tin, to the estimation 
of bismuth and copper in lead, of calcium in magnes- 
ium, and of aluminium in brass; even of carbon in steel 
if more than 4% was present. It was at about this time, 
in 1926, that the BNFMRA opened a spectrographic 
research panel which continued to serve the metal 
industries assiduously for thirty vears. 

It was in 1927 that the steeloscope was first intro- 
duced by Hilgers: it is a visual instrument with which 


a skilled observer can tell a great deal about a piece of 
steel without the trouble of cutting off a piece of 
sample and taking it to his laboratory. This kind of 
spectroscopy has, I think, found its largest number of 


operators in the USSR, where a new model of steel- 
oscope was announced in 1955. 

To the majority who only do analysis with the help 
of a microphotometer it will be obvious that the skill 
required to succeed in quantitative tests by visual 
observation of the spectrum itself or of the spectrum 
plate needs a lot of learning. Most analysts who started 
in this way will remember the ‘thrill’ when they first 
produced an analytical estimate which contradicted 
the chemical analyst but was subsequently confirmed 
by a more careful test. The work of D. M. Smith at the 
BNFMRA and in Germany of Gerlach and Schweitzer 
established the value of such comparative methods for 
quantitative work, and some workers made arbitrary 
scales of line intensity which could be used for visual 
photometry. These scales were personal tools, and not 
all the work done this way could be published; but I 
remember using this method myself. Later Dr Addink 
of Eindhoven realized that such comparison lines were 
best used on a spectrum projector; and produced his 
‘standard paper density’ method. 

It was in the decade 1925-35 that spark sources 
supplemented the arc, and with increasing reproduci- 
bility of spectra came the realization that their use 
was not inherently limited to trace analysis, or even to 
concentrations below 2°,. L remember my delight 
when I found that I could correctly distinguish two 
samples of solder containing 40°, and 44°, of tin. 

At this stage the firms of Hilgers and of Zeiss intro- 
duced non-recording microphotometers to industrial 
users, and there was a marked increase in the number 
of laboratories using spectroscopy just before the war. 
In the USA the work of G. R. Harrison at MIT led to 
rapid developments, accelerated by a series of summer 
schools, in the years 1932 to 1942. 

A contributory factor to the growth of analytical 
spectroscopy all through this century, which some 
chemists will not have realized, is the voluminous 
research on the physics of the spectrum which pro- 
duced tables of the complete spectrum of each element 
as raw material for the term analysis of spectra by 
physicists. This work received an impetus in 1922 
when the state of knowledge on the subject was sum- 
marized in reports issued by Fowler in England and by 
Paschen and Goetze in Germany; and it was in the 
next fifteen vears that the pure physicists worked out 
the structure of atomic spectra in sufficient detail to 
verify, and clarify, many theories. During this period 
so much data had accumulated that G. R. Harrison at 
MIT produced an apparatus for measuring wave- 
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lengths and a simple computer for finding regularities 
in spectra, which led to the later application of othe1 
computing methods in this field. Harrison in 1938 
announced the forthcoming publication of the great 
MIT tables of 110000 lines, which for some unfortu- 
nate analysts will be the only work of his which they 
know; I hope that they will not fail to read the intro- 
ductory pages and then to read about other work from 
that school. It is also instructive to learn how the 
publication of these tables was related to the financial 
depression of 1929-31. 

It seems to have been during the war years of 1940 
45 that microphotometric methods spread most 
rapidly; and a great number of papers dealing with the 
evaluation of spectra and the calibration of the photo- 
graphic plate appeared during and just after the war. 
Also it was in 1943-45 that the announcement of 
direct-reading apparatus in the USA brought fresh 
impetus to the spread of metallurgical analysis for 
routine work; though it was only in 1950 that the 
first ARL Quantometer was installed and operated 
industrially in the laboratories of the South Wales 
Aluminium Co, at Resolven in Wales. The wide use of 
electronic amplifiers in direct readers owes a good deal 
to war-time developments in electronics, in particular 
to the improved insulation attainable with polythene 
for capacitors. There are now between sixty and 
ninety direct-reading instruments in use in this 


country, and in Europe keen competition between 
makers of such equipment may lead to their more 
rapid development, though perhaps not to price- 
cutting. We were told recently that in the USSR a 
laboratory is building a direct-reading instrument 
using photoemissive cells and a pulsed amplifier 


counting system. 

The gain in accuracy obtained by using direct- 
reading spectrometers instead of photographic record- 
ing is almost as great as the step due to the introduc- 
tion of microphotometry; and for many alloys direct 
spectrometric analysis is as reliable as skilled chemical 
analysis, with the additional virtue of taking 1/60 to 
1/20th of the time. The limited weight used in samp- 
ling by the spark makes the spectrograph a valuable 
tool for estimating heterogeneity or segregation in 
alloys; and this is now reflected in the difficulty of 
preparing sufficiently homogeneous samples for use as 
spectrographic standards. 

One of the main new lines in the last five years has 
been a wide increase in the use of flame photometry, 
and the logical but surprising development of atomic 
absorption spectroscopy on the lines suggested by 
Walsh, a former BNFMRA spectroscopist now in 
Australia. This method is not yet widely used, but will 
give remarkable precision where it is applicable, and I 
have to thank Hilger and Watts for the information 
that in complex bronzes the elements copper, zinc. 
lead, manganese, and nickel can all be estimated with 
adequate accuracy for quality control and without 
any ‘inter-element’ which 
troublesome in the emission analysis of these alloys. 
Atomic absorption analysis, using a Uvispek absorp 
tiometer with flame attachment, has also proved 
useful in the estimation of precious metals; and a 
recent paper by Lockyer and Hames* (of Hilger and 
Watts) deals with its application to the estimation 


interferences, are so 


*R. Lockyer and G. E. Hames: Analyst, 1959 84, 385-387. 
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of silver, gold, palladium, rhodium, and platinum 

\n indirect way of tracing the growth of any branch 
of applied science is to look at the volume of published 
papers describing its progress; this ignores the mile 
stones I have been pointing out and directs attention 
to the width of the road instead of its direction. Let 
us try to take an abstractor’s point of view instead of 
the analysts’ and look quantitatively at the biblio 
graphy of our subject. 


In Fig.l the number of papers published each year 
for twenty-five vears is plotted, subdivided into gener- 
al and metallurgical papers, to indicate the extent to 
which metallurgy and spectroscopy are related. You 
will realize that some arbitrary decisions about the 
subject of a paper were necessary, and the division is 
only a rough one, but the figure can speak for itself. 


Another method of plotting, which is more interest- 
ing because it tempts us to make predictions, is to 
make a cumulative plot of the total number of papers 
on the subject. Here one has had to be rather arbitrary 
about the early days, to get a datum point of 60 
before 1925, but after that in Fig.2 a series of straight 
lines can be drawn which can be described by the 
number of years which elapse while the total num- 
ber of papers is doubled. This rate factor was about 4 
up to 1935, then 3-5 until the war, and since then has 
dropped to about ten years. For scientific publications 
altogether the doubling time is now seven years. 
During the last six years a surprising growth in Soviet 
publications seems likely to produce another change in 
the curve. If scientific authors were completely logical 
creatures, we would expect that the growth for the 
cumulative total of publications in any single field 
of applied science would be a sigmoid curve like 
that of a population with a limited food supply. Here 
we had a slow initial growth up to 1925, a steep 
growth from 1925 to 1940 while the subject is really 
growing up, and then a period of slower growth as the 


The development of metallurgical spectroscopy 














number of individual topies for discussion becomes 
exhausted. There are two reasons why this does not 
happen, and the first is the lateral as well as forward 
growth of any subject: in our case analysis takes in 
some branches of applied photography, ot applied 
statistics, and The other 
factor is. | think, the leniency of editors in publishing 


of electronics on its way 
papers of a kind described recently as the leaves, not 
the fruit, of the tree of knowledge. Such publications 
may have some value as compost but are not, like the 
fruit of the tree 
readers 


worthy of preservation for future 
feturning to a more conventional treatment, we 
must record the stages by which standardizing institu 

tions have recognized the status of our kind of analysis 
bv its inclusions in books of Standard methods. This 
was begun with two tentative standards issued by the 
American Society for Testing Materials in 1935, and 
has grown so fast that their current volume of approvy 

ed and tentative standard methods fills some 480 pages 
Our British Standards Institution followed gently with 
a standard method for zine in 1945, and since then the 
main here has made by the 
BISRA with their work on steel; part of which was 
endorsed by the BSI in B.S.1121B:1953 now under re- 
vision. One of the subjects which we, as analysts, ought 


progress over been 


to consider, is the relative value of standardization and 
of ‘free competition’ in the development of analytical 
methods. 

What I have tried to do in this paper is to provide a 
perspective for this considered as a 
multiple event; in one aspect it is a point in the 
development of spectroscopy which [ have been dis- 
cussing. In another aspect it is for each of us a point in 
our own lives at which they intersect the development 
of the subject; and I hope that for each of us the 
intersection will have a significant meaning. 


s\ mpositum 
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Some problems in the determination 


of manganese in steel 


M. Z. de Lippa 


INTRODUCTION 

AS THE USE of the spectrograph and the direct reader 
in metallurgical analysis is extended to cover many 
different kinds of materials, so certain drawbacks and 
difficulties become evident, and during recent years it 
has become apparent that the determination of man- 
ganese in steel (particularly over 0-6°%,) is not always 
satisfactory. Reports from various laboratories have 
shown that discrepancies are encountered from time to 
time between the chemical and spectrographic and/or 
direct-reader figures. Such discrepancies not only 
undermine faith in what otherwise is an excellent 
method for production control, but also result in a 
considerable loss of time due to the repeat analyses 
which have to ve done. A study group was therefore 
formed by the BISRA Spectrographic Analysis Sub- 


Committee to investigate this problem. The work of 
this group is not yet complete but a certain amount of 


evidence regarding the determination of manganese 
has been collected and it is the purpose of this paper to 
present this information and to draw some tentative 
conclusions from it. 


SURVEY OF THE METHOD GENERALLY USED 
Choice of line pairs 
Since the issue in 1952 of BISRA’s ‘Recommended 
method for the spectrographie analysis of low-alloy 
steels’ the most commonly used line pairs have been 
those listed in Table I except the last pair to which 
reference will be made later. All three manganese lines 
are spark lines deriving from singly ionized atoms and 
although Mn2933 is not classified in the 1939 MIT 
tables it has since been identified as a Mn II line. 
Some experiments to determine the reproducibility 
of different line pairs have been carried out on a homo- 
geneous sample containing 1°,Mn. A condensed high- 
voltage spark (15 kV, no added inductance) was used. 
The coefticients of variation are given in the last 
column of Table I. These experiments showed the best 
line pair to be Mn2933/Fe2926. However, the iron line, 
even when a 40°%, transmission filter was used, was a 
very dense feature giving rise to the possibility of large 
photometric errors. The line pair Mn2933/Fe2936 is 
not strictly homologous and moreover vanadium may 
interfere with the iron line. The line pair Mn2558 


Paper MG/DD/120/59 of the Spectrographic Analysis Sub- 
Committee of the Metallurgy (General) Division of the British 
Iron and Steel Research Association received 14 September 
1959. The views expressed are the author’s and are not nec- 
essarily endorsed by the committee as a body. 

The author is with the Consett Iron Company Limited. 
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SYNOPSIS 

Discre pancies are experienced from time to time in the 
determination of manganese in steel by both spectro- 
graphic and direct-reading methods. An investigation has 
therefore been made of several factors affecting its determi- 
nation. These include the selection of line pairs, the 
choice of excitation conditions and the effect of polarity 
when using the de arc. The influe nee of carbon, sulphur, 
phosphorus, chrom ium, and aluminium on the manga- 
nese/iron line ratio, has also been studied. The impor- 
tance of sample size preparation is considered, as well as 
the effect of the metallurgical condition of the samples. 


1762 








Fe2559 lies within a region of heavy background and 
although one laboratory used this pair for some time it 
was eventually abandoned. Mn3441/Fe3443 also is not 
a homologous pair, and suffers from the further dis- 
advantage that the emulsion calibration curve which 
is usually determined in the 2700-2800A range does 
not apply to the 3400A range. The author’s laboratory 
has been using the line pair Mn2933/Fe2982 for some 
considerable time with a 5-s prespark. An occasional 
incorrect result was originally obtained, but, as will be 
demonstrated later, the method was considerably im- 
proved by using a longer prespark period. 

It may be mentioned that a solution method for the 
determination of manganese in steel has been tried, 
and that the best reproducibility was obtained 
with Mn2933/Fe2926 (coefticient of variation 1-33°/). 
Mn2933/Fe2958 gave a coefficient of variation of 2-2° 
and Mn2933/Fe2936 one of 3-5°%. 

The determination of manganese by the direct 
reader usually involves employing the line pair 
Mn2933/Fe2714-41, the latter being an Fe IT line 
having a total excitation potential of 13-39V. Although 
the pair is homologous, it is with the direct reader that 
most of the difficulties are encountered. One labora- 
tory has checked the reproducibility using this line 
pair spectrographically and found a coefficient of 
variation of 3:4°%. 

TABLE | 


0? 


Commonly used manganese-iron line pairs 





Wavelength, A Classificatior Total excitation Coefficient 
plot otf 
variation, 


Mn Fe Mn Fe Mn Fe 


Lo 





2936-91 II I 
2926-59 II II 
2559-24 II Il 
3443-88 II I 
2982-06 IIL II 


2933-06 
2933-06 
2558-59 
3441-99 
2933-06 


4-20 
13-06 
16-03 

3°67 
16-46 
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TABLE Iti Reproducibility tests using 5- and 20-s presparks 





Sample Mn level, Coefficient of variation, ‘ 20 spectra) 
No. 5-8 prespark 20-8 } 


] 3 1-5 


3 é l 
4 th 3 I 





Effect of prespark 

A ‘moving plate’ experiment using high-voltage ae 
spark and a sample of Mn—Fe alloy (practically carbon- 
free) showed that these two elements do not volatilize 
from the sample at the same rate for the first 15-20 s. 
Thereafter the difference in the volatilization rate is 
greatly diminished. In view of this, the 20-s prespark 
was tried and the reproducibility for manganese was, 
as already stated, considerably improved, the co- 
efficient of variation decreasing from 3-1°,, to 1-7°%%. 
Since this modification did not prejudice the determi- 
nation of any other element, the 20-s prespark method 
was therefore adopted. 

A comparison between a number of reproducibility 
tests (carried out on four samples of steel) using 5- and 
20-s prespark respectively is shown in Table II. The 
effect of the longer prespark using the direct reader for 
the determination of manganese is similar. Using a 
different type of discharge (LOuF capacity, 50vH 
inductance, 4-25 ohm resistance, sample positive) co- 
efficients of variation of 2-5°,, and 1-5°,, were obtained 
using 5- and 20-s prespark respectively on a sample 
containing 1-21°,Mn. Although the 20-s prespark may 
be disadvantageous from the point of view of produc- 
tion control since it results in loss of time, nevertheless 
the experiments showed that where practicable it 
should be used. 


Standardization of the method 

Perhaps the most striking example of the importance 
of standardizing the conditions for the determination 
of manganese is provided by the results obtained by 
five different laboratories on samples cut from a 
homogenized forged bar containing 1-05°,Mn. The 
investigation was carried out in two stages. In the first 
stage each laboratory used its own procedure, in the 
second the method was rigidly standardized for all. 
The results of this investigation are shown in Table ITI 
which is self-explanatory. It will be noticed that the 
spread of results was 0-96-1-17°,Mn for the non- 
standardized method and 1-04-1-07°4Mn for the 
standardized method. 


Excitation conditions 

The choice of the best excitation conditions is of 
extreme importance. For spectrograph methods, the 
condensed ac spark is well established as a satisfactory 
source. For the direct reader, the choice of conditions 
is infinitely more critical since most of these instru- 
ments use de discharges. 

It is the author’s conviction that an ac source gener- 
ally gives better results for manganese than a de, and 
this point of view is strongly supported by the fact 
that most of the manganese troubles occur with direct 
readers rather than with spectrographic methods. 
Further, very good results have been obtained in the 
author’s laboratory by the less frequently used ac 
high-voltage are (5000V 2-6A), using line pairs 


Mn 


Results from five laboratories on samples from homogenized forged bar containing 1-05 
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Excitation conditions 

GraphA \V 1250 L=1l5uH Cc 
Graph B \V 1250 L 50yuH ( 
Sample ; Sensitivity Fe=3 Mn=3 


R = 2-25 ohms 


4125 ohms 


1OuF 
l Ouk 


Effect of different excitation 


graphs for manganese 


. , 
conditions on the calibration 


Mn2933,Fe2970-51 and Mn3044/Fe3060-99. The 
accuracy and reproducibility with this source are 
comparable with those obtained by high-voltage 
spark, and the method has the advantage that ‘resi- 
dual’ elements in steel can be determined simul- 
taneously. 

As previously mentioned, Mn2933 which is almost 
universally used in the direct reader, is a spark line. 
It is therefore quite natural that the sensitivity of the 
instrument is higher when a spark-like discharge is 
employed. This is evident from Fig.l where two plots 
A and B are shown, the former having been obtained 
with a more spark-like discharge than the latter. 
Identical scales were used for plotting the pulse counts 
and the sensitivity settings for both lines were the 
same for each method. 

However, the fact that a particular set of parameters 
gives the best sensitivity does not necessarily mean 
that it is the best setting for practical purposes. In the 
author’s opinion the best conditions are those which 
tend to minimize the differences arising from samples 
of different origins and from the effects of other ele- 
ments. The application of such conditions also mini- 
mizes the risk of obtaining an occasional incorrect 
result from the so-called ‘wild sample’. That this is a 
practicable proposition can be seen from Fig.2 where 
three graphs are plotted resulting from three different 
excitation conditions, It will be noticed that the most 
arc-like discharge with sample negative (graph C) tends 


2uF R=0-9 ohms sample 


l0uF R= 10-3 ohms sample 
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3 Comparison graphs for low-alloy and carbon steels using 
different excitation conditions 


to cancel the metallurgical differences, although the 
sensitivity is diminished and the reproducibility 
slightly worsened. 

Another interesting feature of different excitation 
conditions is the behaviour of low-alloy steels com- 
pared with carbon steels. With the spectrograph, 
using ac high-voltage spark, it is sufficient to correct 
for the iron concentration in the sample by plotting 
log ratio Mn%/Fe% instead of °{Mn. This usually 
brings the calibration points for carbon steels and low- 
alloy steels on to one straight line. 

With the direct reader the situation is interesting in 
that the graph for low-alloy steels “wanders about’ the 
graph for carbon steels depending on the excitation 
conditions used. This is shown in Fig.3 where four 
graphs are plotted using different parameters. With 
the slightly overdamped discharge and sample nega- 
tive the graph A for low-alloy steels plots slightly to 
the right of the graph for carbon steels. Conditions 
used to plot graph B bring the points together whereas 
an underdamped discharge used for the graph C shifts 
the low-alloy steel plot slightly to the left of carbon 
steels. An oscillating discharge used for graph D did 
not give a good plot at all, but the tendency to a still 
greater displacement is clearly seen. 

The problem of the polarity of the sample does not 
usually exist with the spectrographic method since 
most analysts use the ac spark. With the direct reader 


j 
| 
| 
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15yH 
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(6b) V=1250 L 1l0uF R= 2-25 ohms sample 


sonditions on calibration graphs for manganese using samples of different metallurgical history 
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Table IV Effect of polarity 





Excitation conditions oefticient 
\ I Cc 


pH be F 


of variation, 





15 l 
15 10 
loo 10 
50 10 





however, the discharge is usually unidirectional and 
consequently the polarity of the sample is important. 
Its effect on reproducibility has been investigated and 
the results are summarized in Table [V, from which it 
is concluded that with underdamped spark-like dis- 
charges the coefficient of variation appears to be lower 
when the sample is positive. With the more arc-like 
discharge (10-3 ohm) a negative sample appears to 
give a lower coefticient of variation. 


INTERELEMENTAL EFFECTS 

There have been reports, often contradictory, on the 
effect of aluminium, sulphur, and carbon on mangan- 
ese results. A considerable amount of work still re- 
mains to be done to elucidate this problem but the 
following observations can be made. 


Aluminium 

In the author’s laboratory, when using the ac high- 
voltage spark, manganese results were normally very 
satisfactory. This was probably due to the low alu- 
minium content (0-05°,) of the samples, which had 
been taken from aluminium grain-refined steel plates. 
However, a pit sample of high-manganese steel was 
encountered which behaved in a manner permitting 
some investigation to be carried out on the effect of 
aluminium. Not only was the sample grossly over- 
killed with aluminium, but had solidified very rapidly 
in the mould, thus preventing the uniform distribution 
of that element. Whereas the outside surface showed 
0-48°,, the centre contained 0-87°, Al. The chemical 
analysis of drillings from each portion showed a con- 
sistent result of 1-23°,,Mn. The spectrographic analysis 
carried out thirty-two times on each surface also 
showed consistent results, but the figures were 1-27°/ 
on the outer surface and 1-32°, in the centre. This 
indicated an apparent increase in manganese content 
with increasing aluminium content. 

The direct-reader analysis of this sample confirmed 
the above discrepancies; with even greater differences. 
An attempt to present the results graphically is shown 
in Fig.4, where graph A represents the plot of the 
apparent manganese content v. aluminium content. It 
was also observed that the abnormally high aluminium 
increases the integration time (graph B), since on 
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5 Effect of carbon content on calibration graphs for manganese 
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nium content on the apparent manganese per 


sparking an area with exceptionally high aluminium 
(1-3°) this was 61s instead of the normal 25-28 s. 
Although this may he considered an extreme exam- 
ple, it does indicate a certain trend which, in all 
probability, holds also for lower aluminium contents. 


Carbon 

Experience gained in the author’s laboratory indicates 
that when using ac high-voltage condensed spark the 
effect of carbon on the manganese results is negligible. 
Quite a number of bath samples with carbon over 1° 

as well as pit samples with carbon down to 0-1% were 
analysed spectrographically. The results were reason 

ably good with the exception of one sample of iron 

manganese alloy (0-86°,Mn and only 0-03%C). This 
sample persistently gave lower results for manganese 
namely 0-80-0-82°%, which may be attributed to the 
very low carbon content. 

In the case of direct reading, however, when a de 
discharge is used, carbon would appear to influence the 
determination of manganese. One laboratory has 
reported that with a low-voltage spark (C 1l0uF, 
L<=50uH, R=2 ohm, sample positive), carbon over 
0-5°, results in the manganese figure being high by 
0-07°,,. Since the increase was not always proportional 
to the carbon content no correction graph could be 
constructed. This effect appears more pronounced in 
basic OH than acid OH or electric steels. 

These observations entirely corroborate the findings 
of the author’s laboratory when low-voltage spark 
(sample positive) conditions were applied. An attempt, 
however, was made to minimize the effect of carbon by 
the application of different discharges. Figure 5 shows 
the results obtained. It will be noticed that the three 
high-carbon steels (of a series of eight steels) show 
apparent higher manganese contents, the worst being 
the sample containing 1-2°,C. When, however, slightly 

r 
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Condition of 
Sarr ple 


Mn, 
0-023 0-97 
O-9O5 
1-07 


1-09 


0-100 


Spectrographic high-voltage ac 
spark 15 kV 0-005uF \ 


Direct reader 

1750 L 50.nH 
C=10uF R=10-3 ohm 
Coefficient of Coefficient of 
variation, Mn, ariation, 





0-95 
0-97 
1-04 





overdamped conditions were applied (graph C) much 
better agreement was obtained. 

A further investigation was made using two series of 
plain carbon steels obtained by courtesy of the Bureau 
of Analysed Samples. No alloying elements were 
present in the steels, the carbon and manganese con- 
tents of which were as follows: 

Series A C, 
0-47 


32 07 


Mn, % 
0-36 
14 


SS 33 65 0-62 
16 


SS 34 “14 ] 


SS 35 25 0-72 


“* oe 


o 
SS 31 


SS 


Series B 

DR 1 (BAS) 159 
DR 2 (BAS) 239 
DR 3 (BAS) 237 
DR 4 (BAS) 218/1 *155 

DR 5 (BAS) 163 -203 0 
DR 6 (BAS) 161 83 l 
DR 7 (BAS) 215 936 0-42 
DR 8 (BAS) 221 0-61 0-54 


The spectrographic examination was made using 
(a) high-voltage spark, and (b) high-voltage are dis- 
charges. With the direct-reading method the low- 
voltage de spark was employed, the sample being 
positive. The results, together with details of excita- 
tion, are shown in Fig.6. With reference to the spectro- 
graphic results the high-voltage spark gives very good 
agreement between the two series of standards whilst 
with the high-voltage arc the discrepancies remain 
small. With the direct-reading method, however, 
markedly dissimilar curves are obtained. 


522 O05 
69 
‘391 
“BOD 
472 
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Sulphur 


The evidence collected so far on the effect of sulphur 
is too inadequate to draw any definite conclusions. 
An experiment was carried out on two samples of 


5000 V, 2-6 A, ac 
1250 V, 50uH, 


voltage are, 
»w-voltage 
4-25 ohms, sample -4 

»h high-voltage spark, 


t) Spectrograph high 


reader k spark, 


10uF, 
c) Spectrogray 15000 V, 0:005uF, ac 
6 Behaviour of two series of carbon-steel standards using 


spectrographic and direct readers 


Journal of The Iron and Steel Institute January 1960 


steel especially prepared for this purpose in a hf 
furnace. The manganese concentration was roughly 
1°, in both samples but the sulphur contents were 
0-023°%, and 0-10°% respectively. The results, which 
are shown in Table V, are reasonably good as far as 
both accuracy and reproducibility are concerned. 
However, it must be added that only one type of dis- 
charge was used and that the sulphur prints showed 
uniform distribution of the sulphides. It is also to be 
noted that the cast samples invariably gave lower 
results than forged samples with direct-reading 
methods. 

On the other hand it has been observed in other 
laboratories that even with a much lower concentra- 
tion of manganese (0°35°,) and a much smaller differ- 
ence in sulphur content (0-007°, and 0-025°,) sulphur 
may, under certain excitation conditions, exert 
effect’ on the manganese result. This effect can 
eliminated, however, by the proper choice of excita- 
tion. 

Two samples of En31 steel, the chemical analysis of 
which is shown in Table VI, were analysed by direct 
reader using the ‘normal’ low-voltage spark discharge 
(C=10uF, R=2 ohm, V=—950, L—50uH, sample 
positive). Whereas sample B gave a correct result of 
0-33°,Mn, sample A persistently showed an apparent 
manganese content of 0-42°%. The samples were 
examined metallographically and found to all intents 
and purposes identical (Figs.7a and 6). Spectrographic 
examination, using the high-voltage spark, by two 
laboratories showed good agreement with the chemical 
analysis for both samples. The samples were then 
normalized (Figs.7d and e) and re-analysed by the 
original laboratory under identical excitation con- 
ditions. No improvement was obtained for sample A, 
which showed the same discrepancy. The application 
of the low-voltage are discharge and analysis by vac- 
uum direct reader showed no change, but the introduc- 
tion of 10-ohm resistance in a low-voltage spark 
brought the result for sample A nearer to the chemical 
figure, and finally a change of polarity with low- 
voltage spark (sample negative), gave the correct 
results. It may also be mentioned that high-voltage 
spark (whether ac or de) also gave concordant results. 
Table VII the results obtained by three 
laboratories. 

Since all other possibilities were exhausted, it may 
be assumed that it is the higher sulphur in sample A 
which is responsible for the discrepancy. The author 
believes however, that more systematic work will have 


an 
be 


shows 


TABLE Vi Analysis of En 31 steel by direct reader 





Mn S 


0-025 


Sample 


Ni 


A 0-96 





0:34 
B 36 0-35 


0-007 
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TABLE Vil 


Results from three laboratories using different methods 





Spectrograph 
High-voltage ac 
spark, 15000 \ 
0-0054F 


ze Spark, 


»w-voltag 
hm, 950 V, 50H 


lOuF, 


Sample polarity 


De % Mn, Lab 2 Lab | Lab 


1* Lab 





\ O-O25 0-34 0-37 0-35 


B 0-007 O-35 0°35 


0-43 


0-36 0-33 


O-34 





* After normalizing fVacuum direct reader (sparked in argon 

to be done to prove it. Nevertheless, assuming that the 
‘sulphur effect’ exists, it would appear that making the 
sample negative eliminates it. This is quite feasible, 
since the rate of volatilization of manganese from sul- 
phide would be smaller when the temperature of the 
sample was lower. Finally, it is reported that high- 
sulphur steels of the free-cutting type (0-2-0-3°,8) 
invariably give results for manganese about 0-10%% 
higher than the actual content. 


aa 


7 Two samples of En 31 steel, (a) sample 


CAST AND FORGED SAMPLES 

When the spectrograph or direct reader is employed 
for production control it should give correct answers 
on cast samples. On the other hand the commercially 
available spectrographic standards are invariably pre 
pared from forged bars. If the two types of structure 
give widely discrepant graphs then obviously the 
necessity arises to have one’s own series of cast stand- 
ards carefully analysed by chemical methods; or, 


fe 


ah. 
* ** 
Ble. < 


~ 
- < 


* 
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at 


UF 


ie ee 2, oe hee 
d Sota eT’ Be Ee rry 


A as-cast, (b) sample B as-cast, (c) sample A normalized, and (d) sample B normalized 
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TABLE Vill Direct-reader results 





Direct reader 
‘9 Sample 
V : polarity 


f l 

50 5 1 
| 

I 


ov 


50 

50 5 10 

5O 10 

50 5 oO 

50 3 lO 

5O lO 
G50 10 
G50 i 10 
O50 1O 
17 kV 0-007 


sts >t = 
wi SS SS Se be be tS tS 


to a be 
te 
de ON 





Chemical 0°805°, Mn; Spectrographic 0-84°,,Mn 
alternatively, to adjust the excitation conditions so 
that ‘structure effects’ are minimized. 

Unfortunately the reports from various laboratories 
on this problem of ‘forged v. cast samples’ do not 
always agree. When the analysis is carried out spectro- 
graphically (high-voltage spark) no particular trend 
towards cast samples giving consistently either a 
higher or lower result has been observed. The repro- 
ducibility, however, for cast samples is worse than for 
forged samples, the coefficient of variation being 3-5°, 
for the former, and 1-8-3-0° for the latter. Taking into 
account that duplicate exposures only are carried out, 
the accuracy of the results for cast samples must be 
lower. 

When the direct reader is used, the effect is very 
similar. In the author’s laboratory an average coefti- 
cient of variation of 1-7°, was obtained for forged 
samples and 2-5°, for cast samples. The accuracy with 
duplicate (or even triplicate) exposures is affected 
similarly to the spectrographic analysis, but at the 
same time it has been observed that on a limited 
number of samples, cast samples general!y give slightly 
lower results than forged samples, (see for instance the 
low-sulphur and high-sulphur samples discussed under 
‘sulphur effect’). 


WILD SAMPLES 

Finally about the so-called ‘wild samples’, i.e. those 
which give widely discrepant results: one typical 
example is a mild steel containing 0-16°,C—0-045°(8 
0-28°,Si-0-805°,Mn, the last figure having been 
determined chemically. Microexamination of this 
sample (cut from forged bar 1 in. dia.) revealed a 
normal fine-grain ferrite-pearlite structure without 
any peculiarities, and spectrographic analysis in- 
variably 0-84°,Mn which is only 0-03°%, 
higher than the chemical figure. The direct-reader 
analysis, however, very discrepant results, 
depending entirely on the excitation conditions em- 
ployed. Table VILL shows the results obtained by three 
laboratories. It will be noticed that the spread is from 
0-80°, to 1-17°,Mn, and that the only correct answers 
using low-voltage spark discharge were obtained with 
the sample negative. 

It may be thought that the fairly high sulphur con- 
tent (0-045°,) was responsible for some of the dis- 
crepant results, as with samples A and B described 
earlier. The argument against this can be clearly seen 
from Fig.8 where the plot is shown of six similar 
steels with differing sulphur contents. Two other 
samples of equally high sulphur, namely 1-05°,Mn 


showed 


gave 
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12 
4°25 ohms 


50uH C= 1l0uF Y 
sample < 
calibration 
graph showing one ‘wild 
0-805°,Mn 


Manganese 


sam ple “ 


0-045°,S, and 1-00°,Mn-0-05°,S gave correct results 
for manganese, the only outstanding discrepancy 
being the sample with 0-805°,Mn. 

Another example of wild samples examined by the 
study group consisted of two pairs, two specimens in 
each pair being almost identical in composition. 
Analysed by direct reader one sample in each pair 
gave the correct result for manganese, the other show- 
ed a discrepancy. Table LX lists the compositions and 
the original direct-reader discrepancies which occurred 
on samples nos.2 and 4. Attention is drawn to the fact 
that sulphur is identical in all four samples. 

This series of samples was analysed by seven 
laboratories either spectrographically or by direct 
reader or both, and the results are summarized in 
Table X. 

It will be seen that the spectrographic results 
obtained with high-voltage spark did not generally 
confirm the originally encountered discrepancies 
(except in laboratory E). Some of the direct-reader 
results (low-voltage spark) did show the manganese 
content in sample 2 as being almost identical with 
sample 1 (the difference being 0-10°,) and_high- 
voltage spark discharge gave correct figures. 

Microexamination of the etched samples revealed, 
however, one interesting feature, namely that in all 
cases the sample which gave discrepant results had 
a coarser grain than the corresponding sample which 
correct results. It therefore decided to 
normalize all samples. Re-examination showed that 
the differences in grain size between the two samples 
in each pair had disappeared and the samples were 
then re-analysed spectrographically and by direct 
reader, the results being shown in Table XI. The 
spectrographic results revealed no change whatever, 
but in the direct-reading results the discrepancies had 
disappeared. The difference between samples 1 and 2 
after normalizing was now 0-1°, and the second pair 
gave results identical with chemical figures. The first 
pair showed the manganese contents to be 0-08°, 
higher after normalizing, the reason being that the 
calibration graph at that level was constructed from 
standards before normalizing, whereas the results for 
the second pair were read from a graph constructed 
from standards whose structure approximated that of 
a normalized specimen. Since sulphur cannot now be 
blamed for the discrepant results originally obtained 


gave was 


TABLE IX Example of ‘wild samples’ 





Sample ¢ Si Mn Mn 
Direct 
reader 














TABLE X Summary of results from seven laboratories 
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Low Spectro 


voltage 


graphic results (high 





1-57 1-53 
1-é 1-42 
0 OSS 
OF 0-80 





etc. refer to different laboratories 


(it will be recalled that sulphur was identical in all four 
samples) the only remaining possibility lies in the dis- 
similarity in structure. 

As previously mentioned, however, it is possible to 
adjust the excitation conditions so as to minimize this 
structure effect. 


CONCLUSIONS 

From the evidence presented it is apparent that no 
great discoveries have been made and that the paper 
claims to be no more than a collection of observations 
arranged systematically. It is quite evident that 
additional work is needed to enable more definite con- 
clusions to be drawn. 

Nevertheless, some tentative conclusions may be 
put forward from the foregoing experiments. 

1. Discrepancies in results occur generally with 
samples having a fairly high level of manganese 
(over 0-6°). 

2. These discrepancies are encountered in direct- 


reader analysis to a greater extent than in spectro- 
graphic analysis. 
TABLE Xi 


Results after normalization 





Direct 
Lab A 
Original Norma 


ized 


Spectrograph reader 


Lab B 
Original No 





1-66 
1-56 


Os? 


0-79 





Discussion 


In the ehai Mi 
oratory 
Mr W.S. Sykes (Steel, Peech and Tozer 


the discussion on this paper he 


J. H. Oldfield (Admiralty Materials Lab 
said that in opening 
would like 


gratulate Mr de Lippa on an excellent presentation of some of 


first of all to con 


the problems which arise in the determination of manganese in 
steel. Although a study group had been formed to investigate 
that Mr de Lippa had 


himself undertaken the major portion of the work 


this problem he could assure delegates 


Manganese had been a problem to the spectrographer in the 


steel industry for many years but with the advent of direct- 


Almost all the 
samples which had been sent to the study group for examina- 


reading instruments it had become more acute 
tion had arisen from discrepancies between the direct-reading 
When 


had been analysed spectrographically using the 


determination of manganese and the chemical analysis 
these samples 
line pair Mn2933 and Fe2982 (recommended by Mr de Lippa), 
good agreement with the chemical figure had been obtained. 

It had been shown that when the normal low-voltage spark 
conditions were used in direct-reading analysis many elements 


Mr de 


appeared to influence the manganese determination 


3. Of the two major types of excitation conditions 
generally employed, high-voltage spark (whether ac or 
de) gives correct results whereas the low-voltage spark 
(particularly with sample positive) very often gives 
incorrect results. 

$. It is possible to adjust the excitation conditions 
so that the low-voltage spark gives correct results if 
the sample is negative. This, 
certain loss of sensitivity. 


however, results in a 

5. Generally a negative sample gives better result 
than a positive sample 

6. The metallurgical history of the sample is im- 
portant as evidenced by the divergence of graphs 
obtained from samples having different structures. 
This effect, however, can be eliminated by some adjust- 
ment of the excitation conditions. 

7. Carbon, sulphur, and aluminium appear to affect 
manganese results. Careful adjustment of excitation 
conditions can minimize or eliminate these effects. 

8. When the most accurate determination of man- 
ganese is an important factor, it may prove best to 
find the optimum source conditions and carry out a 
separate analy SIs. 
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management of 
permission to 


Lippa had hown that some of these uuld be 


by the use of special excitation con- 


influences « 
mitigated in certain steel 


ditions. In routine analysis where the speed of the direct 


reader pl ived an important role, he wondered if it was going 


to be feasible to change polarity, capacity, inductance, and 


resistance for the manganese determination in each class of 
ould be 


this element? 


steel, or whether the chemist sl given an ¢ xtended 


lease of life to determine Fortunately, most 


melting samples with a low manganese content of 0-15-0-30% 


gave satisfactory results on the direct reader 


Mr Svkes continued by saving that he had done some 


work 


on the Quanto-vac where the sample excitation took plac ein 


argon, and many of the adverse influences, particularly that of 


carbon, seemed » disappear. In the experimental work, to 


date, he would estimate that about 85°, of the manganese 


results obtained had agreed with the chemical anal sis but 


there were, however, still a few ‘fliers’ for which an explanation 
( yu i not be given 
Mr de 


direct reader good results were obtained on a steel containing 


Many free 


Lippa mentioned that with both spectrograph and 


0-198 cutting steels contained 0-2—0-3°,S8S and 
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it was impossible to say what the distribution of manganese 
sulphide and iron sulphide was likely to be. It had been found 
that the manganese result given by the Quanto-vac on these 
0-15°% higher than the 


One thing had been predominant in this investigation and 


steels was 0-1 chemical figure 
that was that in most cases a high-voltage discharge appeared 
to correct a number of discrepancies 

This peper had 


manganese in steel and it 


been devoted to the determination of 
would be interesting to hear from 
spectrographers in the non-ferrous field whether they had 
experienced any similar difficulty with this element. 

The problems had not been solved, but Mr de Lippa had 
presented very clearly many of the causes. Spectrographers 
had been confronted with problems before, some had taken 
many years to solve, many still remained unsolved, but with 
the advancement in instrument and source design, the use of 
inert gases, and the persistence of the man behind the spark, 
the answers would be found. 

Finally Mr Sykes said he would like to ask Mr de Lippa to 
say, very briefly, whether he had used a solution method for 
the determination of manganese and could this be a possible 
answer to the problem. 

Mr de Lippa replied that he had successfully used such 
methods for the determination of manganese and that it was 
indeed a possible solution to the problem. But he would like 
to emphasize that when using solution methods the choice of 
line pairs was more critical, and the preparation of the solu- 
tions time consuming. He thought it impractical to switch 
from solids to solutions and vice versa, and personally he would 
rather change his discharge conditions. 

Dr A. C. Menzies (Hilger and Watts Ltd) said that there 
were two matters which Mr de Lippa had mentioned which he 
did not understand. 

First Mr de Lippa had referred to direct-reading results 
differing from spectrographic (photographic) results, the latter 
being more trustworthy, whereas he would have thought that, 
given the same source, condensing system and so on, the fact 
that one uses a multiplier as a detector rather than a photo- 
graphic plate should not affect the result adversely. This 
iggested that mavbe the exit slit width was too large or some 


work. 


such factor 
Secondly he 


was at 
did understand Mr de 


that one could only use de 


not Lippa’s statement 
sources on a direct reader, since he 
es on direct readers. 


Mr de Lippa in replying said that the differences were due to 


citation, ac gi 


knew of observations made with ac sour 


ving better reproducibilit y than de. Therefore, 


spectrograph was better than the 


direct reader, which is 
source. He added that 


Mr Argyle had used the multi-source unit on the spectrograph 
and the } 


associated with a de excitation when 


Hilger spark on the direct reader, the direct reader 


rave better re un the spectre graph. 


1a 1 


In reply to Dr Menzies’ second point he said that in his case 


it was very difficult to adapt an ac source to his direct reader 


because of the electrical interconnecting sy 
Dr Menzies remarked that it 
that the source 


tem. 


was therefore to be inferred 
und not 
trouble. Mr de Lippa agreed. 

Mr H. T. Shirley (Brown-—Firth Research Laboratories) said 
that direct reading had been so closely associated with the use of 
rectified controlled that 


associating with it effects due to partic ular characteristics of 


the instrurrent was responsible for the 


sources, there was some danger of 


the excitation conditions. The effects described by Mr de Lippa 
were primarily source effects, and it was of particular interest 
that the satisfactory correspondence obtained between the 


EN31 the 


spark was also obtained with a rectified high-volta 


two samples using uncontrolled high-voltage ac 


ge spark 
source using sample positive on the quantometer. It must be 
appreciated that with underdamped dise harges polarity 
reversal occurs during the discharge, 
for the 
the storage condensers. 

With regard to the improvement reported by Mr Sykes for 


the vacuum direct reader using an argon atmosphere for the 


and the noted polarities 


various discharges refer to the initial discharge from 


discharge, the negative sample polarity normally used under 
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such conditions would in any case bring this in parallel with 
the negative polarity excitation which cleared up the EN31 
manganese discrepancy on the quantometer. 

He concluded by saying that it might certainly be necessary 
to tailor source conditions for optimum results with materials 
and elements liable to such wayward behaviour. 

Mr M. Milbourn (ICI Ltd) said that differences in optical 
systems between spectrograph and quantometer might be im- 
portant. With the former, light from all portions of the dis- 
charge was usually passed to the photographic plate, whereas 
it was customary with the quantometer to locate the discharge 
so that the image of the electrodes fell outside the ruled area of 
the grating and therefore lines originating from the electrode 
regions might appear to vary. Mr de Lippa agreed. 

Mr P. Gale (Steel Company of Wales Ltd) said that he had 
experienced trouble with manganese and had found that 
roughly 90°, were due to more conventional reasons such as 
errors in analy SIS, spectroscopic and chemical, bad sample 
preparation, etc. But certain difficulties could not be explained 
in this way and samples were found to have a totally different 
Mr Gale felt that the 
structure was important and that correlation should not be 


structure to that normally obtained 


sought between carbon, vanadium, and manganese but with 
carbides, since manganese is an excellent carbide-forming 
element. It was extremely difficult to pinpoint the cause but 
he felt that the remedy probably lay in the type of discharge 
to be employed. This had been pointed out by Mr de Lippa, 
and he (Mr Gale) as a member of the particular study group 
associated with this problem had examined several circulated 
samples on the direct reader. In common with other members 
he had found several of these samples gave results different 
from those obtained by the chemist. However, on using the 
high-voltage spark discharge the disagreement disappeared. 
He referred to the Rotrode solution technique which he had 
used in conjunction with some work done on thin sheet 
material. Direct sparking of the sheet had given variable 
results attributed to the heat generated in the discharge but, 
the the 
the results had agreed with the chemist. He felt that 


on taking sheet into solution and examining on 
Lotrode, 
solution of the sample eliminated all structural effects and 
indeed several of his colleagues had also reached agreement 
with the chemist by annealing the sample, which again had the 
effect of changing the structure. 

Mr Gale concluded by pointing out that, although most of 
the discre pancies occurred in the samples high in carbon and 
manganese, where there was probably a greater tendency for 
carbide formation, it was still possible for other elements, for 
example sulphur, to affect the results. 

Mr de Lippa agreed and said that he had examined metallo- 
graphically some of the samples circulated by the study group 
which had shown large discrepancies using the low-voltage 
the high volt ige 
had 


exhibited discrepancies were coarser in structure, and in each 


spark and which had not been « onfirmed by 


spark. His examination had shown that the samples which 


case a normalizing treatment had cured them. This seemed to 
suggest that the metallurgical structure may well be one of the 
causes of these anomalies. 

The Chairman said that before closing the discussion there 
The 


manner in 


make. first, 
the 


when 


observations he would like to 
Mr Milbourn’s 
which the grating was illuminated, was that 


had 


were two 


apropos remarks concerning 
using a 
spark discharge he found upon examining discharge 
conditions across an analysis gap that lines from ionized atoms 
were more readily excited near the graphite electrode, and 
those from neutral atoms near the sample electrode. These 
observations would give point to Mr Milbourn’s remarks. The 
second observation was that when analysing low-alloy steels 
with the spectrograph a wide selection of line pairs was avail- 
able and hence only strictly homologous pairs, whose ratio 
would of course be largely independent of source conditions, 
need be used. He suggested that contrary conditions aper- 
tained to direct reading and that this may well explain why, 
once again, source and sample conditions had become so 


important. 





Discussion at meetings 


DISCUSSION ON PAPERS 


Discussion at the Annual General Meeting 1959 


Are port of the Annual General Meeting was given in the 
Discussions at the technical sessions are given below. 


Written contributions 


August 1959 issue of the Journal. 


A paper entitled ‘ Review of recent de velopme nts in stee lmaking’, by rT Pp ¢ ‘ol lough 
presente d before the discussions took place was re ported in the July issue of the Journal. 


Joint discussion on recent applications of oxygen to steelmaking 


This discussion was based on the following papers (dates of 
publication in the Journal are given in parentheses): 
‘Some investigations on the treatment of molten iron,’ by 
W. J. B. Chater and J. A. Charles (1959, 191, 319-328). 
‘The practical aspects of pretreatment processes,’ by J. L. 
Harrison (1959, 191, 328-336). 
‘The development and present state of the LD process,’ by 
O. Cuscoleca and K. Rosner (1959, 192, 147-153). 
‘Comments on the OLP process,’ by 2. Trentini, P. Vayssieére, 
and M. Allard (1959, 192, 143-147). 
‘Further experience with the Kaldo process,’ by Bo Kalling 
and Folke Johansson (1959, 192, 330-338). 
Mr W. J. B. Chater (British Oxygen Research and Develop 
ment Ltd) presented the first paper. 
Mr J. L. Harrison (British Oxygen Gases Ltd), in presenting 
the second paper, called attention 


t 
29 
> 


On p.sdk 


o two corrections which 
should be made in the text 1, second column, in the 
penultimate line of the third complete paragraph, the figure of 
‘13 lb/ton’ should be ‘3 Ib/ton’. On p-332, second column, in 
line 6 of the second complete paragraph, ‘(2540 Ib/ton)’ should 
be ‘(5-51 Ib/ton)’. 

The three were presented respectively 
Messrs 0. Cuscoleca, B. Trentini, and Professor Bo Kalling. 
Mr R. W. Evans (Steel Company of Wales Ltd The 


papers presented can be divided under two headings. 


other papers by 
five 
1 wo 
papers deal with rendering iron more suitable for steelmaking 
and three are on the new oxygen-blowing techniques. 

rhe first 
stage iS a rehining process to remove silicon, and the second 


Any oxygen-blown heat is divided into two stages. 


stage is the actual steelmaking process. By combining these 
two in one vessel we have the best conditions for conserving 
heat. The first two papers, on the pretreatment of iron, deal 
with the first of these two stages, and that is periormge d away 
In certain districts and under 
UK it 
pig iron which is not entirely suitable for conversion into steel 


in OH furnaces. This may be 


from the steelmaking vessel. 


certain conditions in the is possible to produce a 
due to the kind of ore which is 
available, and coke quality may have a bearing on it. 

Mr Harrison touches on some of these conditions. In many 
of these cases the blast-furnace manager can do little to alter 
his practice in order to produce a more suitable iron. If he has 
a high-phosphorus ore he produces a high-phosphorus pig iron, 
and the practice may result in some cases in high-silicon and 
high-sulphur iron. So far as the basic O H furnace is concerned, 
high phosphorus, sulphur, and silicon can be eliminated, but 
the more there are, the higher the slag volumes and the longer 


the process takes. This is particularly so where the steels have 


to meet very severe phosphorus and sulphur specification 
the 


; but 


in UK, and particularly in some districts, we have had 


more experience than anywhere else in the world in prerefining 


iron in active mixers. The of tilting furnaces in association 


use 


with these mixers has enabled all types of steel to be produced. 


The advent of cheap oxygen, however, opens up fresh avenues 


of approach to using cheaper methods of refining iron. 


Thesuccess of f 


anoxygen-relining process Io 
ability to fulfill certain conditions 


(a) oxygen efficiency should be high, (5) t 

the chemical processes should be utilized on t 
solids or for doing work which would otherwis¢ 
, such as the calcining of limestone, 


low, (d 


remoy 


ternal heat 
should be should 
ol 


in 


slag containing oxidation pr 


be easily able, (¢ ent 


pho 


medium- and high-phosphorus irons, § 1 e oxidized 


such a way that the P,O, has a high enough concentration in 


the slag to render the slag suitable for fertilizer, and the citric 
high, (f of 


minimized, q) the process should be capable in certain cases ot 


acid solubility evolution brown fume must be 


handling large quantities of iron, and (h) the refractory costs 


should be low. These conditions are to a great extent fulfilled 
in one operat 10n in the new oxygen processes of steeln aking on 
which the other papers are based. 

The paper by Chater and Charles is a resumé of the work 
done by British Oxygen Research and Development Ltd on a 
It that they 
f 


fume 


si scale is interesting to note consider the 


ail 


stopping ot at the s¢ 


rid of it 


yurce more important than getting 


afterwards. Their « xperiments on accelerated oxygen 
delivery, resulting in higher temperatures which enable more 
to be The 


lume and ore, insteac bulk additions, 


scrap or ore used are important. of powder 


i of to the 
bath is in line with the inevitable progress of these blowing 
The 


and 


use 


additions of 


processes. tower process of refining vel 


POSSESSES ’ 


features advantages, and the authors are to be on 


gratulated on devising and experimenting with it, but the 


maintenance of the holes the likely 
difficulties. 


Mr Harrison’s paper is a useful summary of the evidence of 


in sieve 18 


to present 


the benefits which prerefining will give and of various ways of 
using oxygen to achieve this. He refers to fume prevention and 
to oxygen refining in mixers. It may be that the prerefining of 
iron for steelmaking is an ephemeral project. It is possible by 
better operation of blast-furnaces to produce an iron which is 
the 
techniques may have an important effect. 


more suitable for steelmaking, and new steelmaking 


The three steelmaking papers are summaries of the latest 
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Table 1 Figures of results obtained in the prerefining furnace 
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of (1 
metal, 


cwt 
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hot 
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Blast-furnace metal 
After refining 


Si 
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O-S4 
trace 
Is 0-67 
trace 
0-71 
trace 
0-60 
trace 
0-93 
trace 
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trace 
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trace 
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trace 
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trace 
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trace 
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trace 2° 
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90 


oe tom mcs 


trace 
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— me to ee tS 


trace 
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trace -30 
0-74 “95 
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trace “13 
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0-044 j 1 is ] 
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Final 
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0-O86 
0-04 5 1- 
0-024 
0-072 


1% 
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0-056 
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0-064 

0-056 

0-048 

0-032 

0-052 

0-052 

0-056 

0-056 

0-116 

O-O680 

0-056 

0-056 

0-044 

0-044 

0-04 

0-04 

0-056 

0-048 

0-048 

0-048 

0-048 

0-040 

0-040 

0-040 

0-048 

0-044 

0-044 

0-044 

0-056 

0-040 

0-044 

0-044 

0-052 55 
0-040 ‘O82 
0-048 56 
0-056 O80 
0-048 7 


D7 
0-048 062 


O30 
900 
865 550 
900 
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position in their respective fields. T 
and being used all over the world, 


he LD process is known 
and is taking its place 
among the classical steelmaking processes. In its original form 
it was applied to irons containing not more than 0-3° P, but 
later developments have enabled irons with phosphorus con- 
tents up to those of basic Bessemer irons to be used. 

The work done by IRSID in developing the use of powdered 
materials in steelmaking is referred to in the paper by Trentini, 
Vayssiére, and Allard, and they describe the present method 
at Denain for blowing oxygen and lime powder together to 
produce the highest quality steels from basic Bessemer iron. 
These processes have a number of great advantages over the 
bottom-blown basic Bessemer process and among them are the 
following, (a) the changing of bottoms is avoided, and this 
should reduce the overall refractory consumption: although 
blowing time may be a little longer, increased availability of 
the vessels results in an annual production from the top-blown 
converter of equivalent capacity of about as high a figure as 
from the bottom-blown converter, (>) the fact that phosphorus 
is eliminated together with carbon guards against the heavier 
loss of Fe associated with blowing to low phosphorus contents 
in the bottom-blown process, and this, with longer blowing 
time, gives a greater margin of metallurgical control over the 
product, (c) the nitrogen content is very low compared with 
bottom-blown processes, (d) almost any quality of iron can be 
converted into steel, and (e) desulphurization is more complete 
than in the OH process, because no fuel is put in, with what- 
ever sulphur it contains 

With regard to the paper by Kalling and Johansson, it is 
gratifying to find that as experience is gained at Domnarvet it 
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is found that the wear on the engineering and moving parts on 
the converter is very low indeed, which means that the process 
may be applicable to heavier vessels. Their recent experiences 
show the prospects to be very favourable. Secondly, the ability 
to burn CO to CO, in a small enclosed vessel gives them the 
highest possibilities of usefully employing that heat. 

At present plants equipped with conventional basic Bessemer 
converters and faced 
with the of providing oxygen the 
blowing plant, but the application of the new processes will 
the of 
oxygen. It may be too much to expect radical changes in these 
processes in the near future, but it is probable that the top 


associated air-blowing plant are 


cost and abandoning 


become economically attractive with use tonnage 


blown oxygen and lime processes will become at some time in 
the future one of the main steelmaking processes. 
The and 


phosphorus in pig iron, which have hitherto been looked on as 


presence of elements such as carbon, silicon, 
unwanted impurities which add to the cost of converting iron 
to steel, may now become desirable. The energy obtained can 
At present this 


is not in practice available, but the developments 


theoretically be used to melt scrap or ore. 
energy 
suggested in these papers show that ever-increasing progress 1s 
to be expected. Whether we use ore or scrap as a coolant may 
depend on local economic conditions at the time, but what is 
important is to be able to use either one or the other. because 
then it is possible to save heat which is otherwise spent on 
some outside process; one of the ways in which steelmaking 
costs can be reduced is by making full use of all the heat energy 
placed at our disposal and preventing heat losses wherever 


practicable 











Kaldo stee! 
e@ Electric steel 
Rotor stee 


Curve I: German OH stee 
II: AmericanO H stee! 
TIT 


II: LD-AC steel 


Bessemer steel 


Dasic 


A The C—O relation in various steelmaking processes 

Mr E. Davies (Bry mbo Steel Works): Some 35 years ago I was 
present at a meeting at which open-hearth practice was being 
‘You must mix 
your charge like an apothecary mixes his medicines, and start 
After 


more than 30 years’ experience of steelmaking I believe that 


discussed and a well-known US steelmaker said 
right; if vou don’t start right you never will be right’. 


this fundamental principle is still true. As Dr Colclough points 
out, there are two very important factors which enable the 
steelmaker to start right (a) blast-furnace metal of suitable 
composition for the process, and (6) uniformity of that 
composition. 

There is little doubt that uniformity of composition still 
leaves much to be desired. It is also true that until quite 
recently the OH manager had only to scan the blast-furnace 
analysis board to know whether or not the melting shop would 
be capable of operating smoothly and at maximum production 
or whether there would be chaos due to bunching furnaces and 
so on. I believe that the UK steelmaker in many instances has 
a major metallurgical operation to perform in the refining of 
blast-furnace metal and for some years has sought ways of 
standardizing the charges. 

It has been clear for some time that if OH furnaces are to 
work at their maximum efficiency low-silicon hot metal is 
essential for high-quality steel. The advent of tonnage oxygen 
has brought about considerable easement in this direction. I 
should like to know where Mr Harrison buys his oxygen at 
63/1000 ft®. We have not vet been able to do that. 

A good deal has been said and written about pretreatment 
processes, but unfortunately little work has been carried out 
on a production scale in the UK. The need for some form of 
pretreatment has long been recognized, and such steelmakers 
as Harry Campbell in the USA started the washed-metal 
process 60 years ago, followed by the Bertrand Thiel process in 
Austria and the Hoesch process in Germany. The aim of these 
processes was identical, to remove silicon and phosphorous 
[ do not agree with Mr Evans when he says that silicon and 
phosphorous may be valuable; I believe that in the OH process 
they are an unmitigated nuisance. As Mr Harrison points out, 
these are the two elements which radically affect O H efficiency 
and output. 

Trials by 
beyond doubt 
least 30°, bv 


Desiliconizing 


BISRA at the Brymbo Works have confirmed 


that IH production can be increased by at 


using prerefined hot metal in the furnaces 


blast-furnace metal with been 


Whilst this « an be suecess 


oxvgen has 
standard practice there since 1951 
fully carried out in ordinary firebrick-lined ladles, we have for 
ladles for 


Harrison quotes ladle lives of 80-100 heats for desiliconizing 


many years used basic-lined this purpose. Mr 


and 50-60 heats for dephosphorizing In both cases I feel that 


We did not 


such high ladle lives with an ordinary firebrick lining, but with 


these are extremely optimistic figures 


achieve 
dolomite-lined ladles the figures are realistic. 

If dephosphorizing is to be considered, and with the advent 
of tonnage oxygen there is no reason why it should not be, we 


must agree that the ladle is not a satistactory vessel in which 
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B The P—Fe relation in the LD-—AC 


first phase for different lime consumptions 


process at the end of the 


to carry out this operation, especially when high silicon irons 
have to be treated, when there can be a serious loss of iron, 
both due to slopping’ and in the form of metal shot via the 
slag. It can be achieved, however, by any of the methods 
described by Mr Harrison, and very successfully indeed in the 
Brymbo-Wellman furnace. In this flexible unit blast-furnace 


metal is regularly desiliconized and dephosphorized before 


being charged into electric furnaces, in which case dephos 
phorization is essential. This has been regularly and success 
fully carried out on a production scale. 

Information has been obtained which confirms Mr Harrison’s 
figure of 350 ft'/ton, at which appreciable desiliconization is 
possible with a modest consumption of oxygen, and also shows 
that the phosphorous can be reduced to about 0-1% in the 
ladle from about 0-65-0-8°. In Table 1, in the prerefining 
furnace, the phosphorous has been reduced from 0-5—-0-6°% 
down to well below 0-1°,. The vield of metal is good, averaging 
about 93° confirming that this method of dephosphorizing 


= 
and complete desiliconizing can be carried out successfully. 
Thus the OH or electric furnace can be supplied with a very 
desirable raw material from which all grades of steel can be 


added in 


state. As might be expected, there has been a phenomenal 


produced, Lime and limestone are a finely-ground 
increase in Output with a corresponding reduction in the con 
sumption of electricity. In my view, there is no doubt that the 
large electric furnace is now destined to play an even greater 
part than before in 


UK steel production, and we hope to 


publish the results of this interesting development later this 
year 

oxygen has brought a considerable 
No longer is it necessary for OH 


suffer loss of 


The advent of tonnage 


easing of a difficult situation 


turnace operators to production due to the 


idiosyncrasies of the blast-furnace and to limp along at pro 


duction rates of 20 tons/h. N« 10 tons/h will 


thing short of 30 


justify the extension of OH plants, or even their existence 


We now have the tools to do the job, and we shall be doing our 


industry a grave disservice if we do not use them to the best 


possi le advantage 


Mr. P. Metz (ARBED, Luxembourg, G.D.): As a complement 
ind Rosner on the LD and LD—A¢ 
rds the injection of powdered lime by 
an LD lance, I 


main results of two studies which 


to the pape! by Cuscoleca 
processes, or in other w 
means of an oxygen lance hould like to refer 
to the have just com 


hese results are quite recent, so that we were not able 


o communicate them in due time to the authors for inclusion 
in the paper 
The first study deals with the relations between the slag and 


the metallic bath. It was the subject of a communication made 
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HS 16 10 2! 


PHOSPHORUS, 


Cc Fre quency curve of the P content of a hundred heats 


“> 
K 


at the symposium on the Physical Chemistry of Steelmaking 
organized by Professor Chipman and held last week in Pitts- 
burgh. In this study, which we carried out together with Dr 
Decker from CNRM, we established the relations between the 
carbon, manganese, phosphorus, oxygen, and sulphur concen- 
tration in the metallic bath and the Fe and P,O,; concentration 
in the slag at the end of the blow. 

Figure A indicates the relations between carbon and oxygen 
in the metallic bath. The full-line curve is the graphic ex- 
pression of the Vacher and Hamilton law for a temperature of 
1600°C. The dotted-line curves 1 and 2 relate to OH steels 
developed in Germany and in the USA, and curve 3 to our 
LD-—AC steels. The range of basic Bessemer steels represented 
by the hatched area corresponds to the carbon value 0-01 and 
The curve relating to LD-AC steels shows that the 
carbon and oxygen values are similar to those of OH steels. 

Figure B concerns the relations between the phosphorus in 
the metallic bath and the iron in the slag against four lime 
consumptions at the end of the first phase of operation, that is, 
at the intermediate deslagging. As is already well known from 
the basic Bessemer process, the rate of dephosphorization is a 


0-02. 


function of the lime consumption for a given pig iron. It does 
not mean, however, that the highest lime rates are necessary 
for a good final result (high metallic yield and low phosphorus 


in the steel). 





: 
Lime>lOO k 
Mean: |O8 kq/tonstee 
Mean yield: 88-42 


4/tON 5 
j sfee 











D Relation between the metallic yreld and the P conte nt for two 


levels of lime consumption 
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E Particle size distribution of dust from three heats 


In fact, we have an intermediary deslagging and a second 
phase, the effect of which is that it is not advisable for the 
final phosphorous content of the steel, and very disadvan- 
tageous for the yield, to use high lime consumption in the first 
place. A complete intermediate deslagging is of great im- 
portance. Owing to our foaming, voluminous slag, we are able 
to realize an average deslagging of 78°. The metallic loss is 
especially low. This excellent intermediary deslagging, com- 
bined with higher lime/oxygen during the 
phase, gives a low P,O, content and a high basicity of the 


ratios second 
second slag; consequently the final steel has a low phosphorus 
content, as shown in Fig. C. 

In Fig. D the relation between the metallic yield and the 
phosphorus content of the steel for two levels of lime con- 
sumption is shown. 

The consequence is that our practice, low lime/oxygen ratio 
in the first phase, and high lime/oxygen ratio in the second, 
very short phase, gives good yield and a low phosphorus 
content in the finished steel. 

The desulphurization in the LD—AC process is very high, and 
averages 67 ‘ 
0-017° 


in the first phase a mean desulphurization rate of 40°. The 


4 for an average sulphur content in the final steel of 


, Starting from a pig iron of 0-054° 8S. There is already 


good deslagging at the end of this phase eliminates a great deal 
of this sulphur. 
find in the LD—-AC 


process a relation between the desulphurization rate and the 


As in the basic Bessemer process, we 











F Particle size distribution of dust collected within a single heat 
J 





G klectron 


parti e8 


mu rograph dust showing 


Fe content of the slags, and a second relation between the 


desulphurization rate and the basicity of the slags 
The question may arise whether it is the Fe content of the 


slag itself which has a favourable influence or whether the 


desulphurization is mainly related to the basicity of the slag 
Our present opinion is that the relation which exists between 
iron in the slag and desulphurization is rather an indirect 
result involved by the very strong relation which exists, as in 
the OH process, between the Fe in the slag and the basicity 
ratio CaO) (S10, P.O, 

There may be a temptation to umprove the desulphurization 
by increasing the basicity of the first slag. but the amount of 
slag also increases, and if a good and easy elimination of 
this slag, which in general is not foaming or slightly foaming 


is desired, it is necessary to increase its Fe content to 


improve its fluidity. The metallic yield is thus reduced and this 
important economic drawback does not justify the suppl 
mentary desulphurization obtamed 

had in 


mind to state as exactly as possible the economic aspect of our 
To this end, we 


The second study has quite a different purpose. We 


process ire apply ing it industrially on a very 


large scale for 24 h a dav and during several days a week, so 


far as is allowed by the exploitation conditions of our steel 


plant, which has already a very high productivity. This study 


Was necessary, for often revealed an essential 


difference 


application of a process and those which a 


t xper ence 


between the results provided by the industrial 
re obtained by tests 


Moreover. 


some difference may still exist between the continuous use of a 


carried out by experienced engineers or specialists 


proce Ss and the sporadic or discontinuous use Indeed, the 


continuous use may bring to light an economic aspect which i 


not noticed in discontinuous experiments 


TABLE 2 Summarized data 





Pig tron, | 
Scrap, Kg i steel 

Fe ore, kg/ton of steel 
lotal metallic addition, kg 
Yield, 

Lime, kg/ton of steel 
Oxvgen, nm? 


2 7 ton of pig tron 
Desulphurization, 

Blowing time, s/ton of steel 
P steel, 


S steel, O-O1TGEBS8 
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Ho Particle size distribution obtained assuming the 


he either single units or agglomerates 


We have summarized in Table 2 


exploitation and, for informati 


indu 
reproduce 
Journées Inter 
The conce 
between the results at that time and the present results 
relating to the LD-A¢ 


be improved still further if we had a converter better equipped 


figures which were presented a year ago, at the 


nationales de Sidérurgie in June 1958 rdance 


quite 


satisfactory. The results eould 


proces 


! 


and rrovided with a tap ing hole. as most LD converters have 
I PI 


at present his prov that the process is very well perfected 


and we think that this due to our technia of only one 


intermediary deslagying, and mainly have 


the possibility of perfect control 


formation of which we have alw: 


Dr K. H. Hoyle Head, W right 20n and (« Ltd Mar ot the 
authors have mentioned the fur e probl connected with the 
oxygen steelmaking processess. It was with thi 


mind that Mr K. H. Pearson 


ft Stora Kopparbe rgs Bergslags AB. and with the as 


problem in 
and myself, with the permission 
sistance 
of Mr Johansson carried out tests on the waste gases from the 
Kaldo converter at Domnarvet. Figure E shows the particle 
and I iy I 


collected at different 


ze distribution of the dusts for three heats 


the particle size distribution for dust 


seen that when the 


peri dds within a heat. It 


being formed and the oxy 


distribution curve ts displaced towards the greater particle 


range. Electron micrographs, Fig. G, of the dust were made, 


and show the spherical shape of the dust particles. The 


particle size distribution curves as shown on Fig. H show the 
results obtained when the particles are assumed to be either 
collected by 


ipitation and by 


single units or omerates. The samples were 


two different methods, namely, thermal pre: 


collection on a glass-wool filter, and a continuous line i 


obtained when the particles are assumed to exist as agglomer 
ates which indicates the particles do not exist a 
fable 3 


7 
cole ted 


single unit 


shows the chemical composition of the dust 
I 


Dust concentration measurements were also made, 
and the results showed a maximum concentration of 5-5 gr/ft® 
within a heat with a mean concentration throughout 


grit The gas volumes measured were. howe, 


TABLE 3 Chemical composition of dust 
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to the excess of air entrained to burn the carbon monoxide 
liberated from the bath, and to cool the waste gases before 
they passed through the gas-cleaning plant. If this excess air 
were to be reduced with a saving in gas cleaning and fan power 
costs, the dust concentration would increase. It would seem, 
therefore, that the type of waste-gas cleaning system required 
to clean fully the converter gases depends on the way in which 


the gases are cooled. 


Dr J. Pearson (BISRA): We have had a very extensive survey 
of the newer steelmaking processes, though the German de- 
velopment of the Rotor has not been mentioned. If we look at 
what these processes do and not at the external form of the 
units, and plot curves of change of composition with time, we 
find that they all do essentially the same things. This means 
that what is done and the way it is done and not the vessel 
itself are of importance. Variations in shape, speed of rotation, 
and relative length and breadth of the vessels can be made to 
ensure adequate mixing of metal, slag, and gas to give the 
desired reaction rates and control the order in which phos- 
phorus, carbon, and silicon are removed and to combust the 
carbon monoxide so as to raise the thermal efficiency of the 
process. This raises the question of whether any of these 
vessels is of the final shape and whether some other may not 
be as good or superior. 

Mr Emrys Davies has hinted at a development made in the 
UK. I assume that you will have seen in the current literature 
an adequate description of the vessel used, which represents a 
logical development of a method for oxygen steelmaking. This 
has the desirable features of a large area of contact between 
metal and slag, so as to carry out the refining reactions as 
desired; a large area over which heat from the combustion of 
carbon monoxide can be transferred to the bath; a design that 
enables scrap to be charged readily; and supplementary 
burners that make it possible to control foaming. 

What is tantalizing is that as yet this unit has not been used 
for a direct steelmaking process but merely for prerefining of 
hot metal. It will be seen from the reports to which I have 
referred that, in the same way as with the LD-AC, the OLP, 
the Kaldo, and the Rotor processes, it is possible to refine hot 


o 90 


metal down to less than 0-1°;, with carbon contents of 14 ae 
so that all that is required is a little more time and a little 
more oxygen and it will be possible to make steel. We may 
hope, therefore, that from the Brymbo Steel Works we shall 
have before long a UK contender for the title of the best 


modern steelmaking method. 


Dr H. Trenkler (Austria): Trentini, Vayssiére, and Allard say 
it has been stressed that for good refining it is absolutely 
necessary to maintain the lance axis at the centre of the bath. 
I do not think that any one of the LD team has said this. I 
agree with the authors when they say that there is no difficulty 
at all in refining the hot metal when blowing off centre. It must 
be pointed out, however, that blowing off centre gives a 
shorter lining life. There is a local increase of temperature and 
there are not the same opportunities of cooling. The amount of 
slag between the lance and the lining is not so high on the near 
side of the eccentric area. That holds gor od for the whole of our 
production, and I think that Mr Metz will confirm from his 


own practice that the off-centre lance reduces the life of the 


lining. I think the authors had no opportunity to make such 
an observation because they had no possibility of comparing 
the effect of the centre and off-centre lance. I believe that a 
long life for the lining is very important and that the practice 


of blowing off centre should not be encouraged. 


Dr E. Michaelis (BO 


figures for 


I should like to quote some up to-date 
one of the big LD plants in the I SA, and give a 
review of the economic advantages of the LD process in com- 
parison with other steelmaking facilities in that country. 

Ihe following figures are based on a pig iron of 4—4-25°,C, 


1-2-1-5°,Si, 0-5°,,Mn, 0-15°,P, 0-035°,S. Vessel size was 82 
short tons. 


Journal of The Iron and Steel Institute January 1960 


Best tap-to-tap time during February was 29 min for 82 
short tons. Best production rate during 24 h was 125 ingot 
tons/h, Average scrap rate during February was 31-34% of the 
total charge weight. There was an oxygen consumption of 
1560 ft%/ton, limestone consumption of 138 Ib/ton, and 
fluorspar consumption of 9-3 lb/ton. 

Most successful test work has been performed with pellets 
containing 67°,Fe, and similar tests have been made with 
sinter. 

At the present time many US firms are planning to build 
LD plants. The general trend for vessel size is 120-150 tons, 
and US maintenance practice has gone so far that relining tests 
by means of a hydraulic-pneumatice gun (1 mobile tractor 
fitted with a busting arm) have been made to avoid hand 
chipping the skull, slag, and burnt 
scaffolding and cleaning up. 


refractories, avoiding 

The capital cost* for the construction of an LD shop to 
produce around a million tons of steel a year is about $12 per 
annual ingot ton exclusive of the oxygen-generating plant 
cost. This figure does not include stripping or mould-prepara- 
tion facilities. It depends on the type and design of equipment 
and on the restrictions imposed by the particular plant site. If 
it were decided to purchase outright an oxygen plant, the cost 
of the LD plant would be increased by between one-quarter 
and one-fifth. The total cost of the LD plant will be about half 
of that for an OH plant producing the same quantity of steel 
annually. The wide variations in cost lie principally in building 
and in equipment. In view of the small size of the LD furnace 
as compared to the OH, less building area is required. Capital 
charges for utilities, air pollution control, and storage facilities 
are reasonably close for both OH and LD plant of similar 
productive capacities. If either OH or electric furnace instal- 
lations are to be replaced by LD furnaces, it may be desirable 
to make use of existing facilities. When making studies for the 
conversion of existing shops to LD operation, experience indi- 
cates there is a break-even point, so that almost as much 
money needs to be spent on the old plant to ensure full pro- 
ductivity as would be spent for a new LD plant. Capital cost 
may be less, but this reduction is usually obtainable only at 
the expense of increased operating cost over a new plant. Most 
companies who are using this new process have built entirely 
new plants, though, in one case, an old OH shop became 
obsolete. 

Cost studies and estimates are theoretical to some degree 
unless based on individual plant practice, so that it is most 
difficult to generalize. Studies which have been made show 
very similar materials cost per ton for both LD and OH when 
using percentages of hot metal of the same order. So much 
depends on the relative cost per ton of hot metal, scrap, and 
Fe in the ore, that definite costs are difficult to discuss, but in 
the USA a saving of somewhere in the neighbourhood of $3 
per ingot ton can be expected in large LD plants as compared 
with an OH plant of comparable capacity. 

In figures for cost given per ton of steel, since the LD furnace 
requires no external source of heat, one ot the major savings 1s 
in fuel. The quantity of oxygen required is up to 0-08 ton 
ingot ton. The cost of oxygen purchased under long-term con- 
tract varies with the quantity bought. Oxygen cost per ton 
will show a saving on fuel cost in the OH. The cost of fluxes is 
higher for the LD process because it is advantageous to use 
Furnace refractories and 
furnace repair are lower because of the simplicity of the LD 
furnace installation. Net refractory consumption is less than 
20 Ib/ingot about 80 Ib/ton for OH 
proportional to the 
quantity of refractory. Production labour costs are less than 


burnt lime instead of limestone. 


ton compared with 


furnaces. Masonry labour is directly 
50°, of those in OH shops of similar tonnage. 

In conclusion, for a particular plant modernization involving 
an increase in steel production, the economic advantages of the 
LD process for making basic oxygen steel are so important 


that it must be given detailed study and evaluation. 





* The capital cost figures are based on a paper of E. J. Prince 
of Kaiser Engineers, Oakland, Calif., USA. 





Mr A. N. Whiting (Davy British Oxygen Ltd): I should like to 
ask Messrs Cuscoleca and Rosner whether or not lime blowing 


in the oxygen stream is now considered essential for the 


application of the LD type of operation to high phosphorus 
irons. It was reported last year at Liége that with LD opera 


tion on high-phosphorus irons this was not essential, but was 
I should like to ask 
where these advantages lie. For example, is the tap-to-tap 
time reduced? It is difficult to see how 
influence the tap-to-tap time. Does it improve the quality of 


used because it has certain advantages. 
a lime addition can 


the steel? Again it is difficult to see how this can be achieved. 
Does it reduce the cost of the operation? In this respect it 1s 
possible that rapid formation of a lime-bearing slag will give 
less lining wear, but there has always been a relatively slight 
consumption of refractories with the LD process, so that the 
gain achieved by minimizing this still further will be small 
Where, therefore, lie the gains which will compensate for the 
extra cost of crushing the lime and introducing it into the 
oxygen stream, which in a large plant will be quite con- 
siderable? 

As the range of LD operation is extended to include the 
higher-phosphorus irons and the production of carbon steels, 
greater attention must be paid in LD plant layout to the rapid 
disposal of slag. What is probably more important, there must 
flexible 
enough to accommodate the casting of a variety of ingot tvpes 


be adequate casting arrangements which will be 
and sizes. Unless particular attention is paid to the latter 
point, serious limitations may well occur in the productive 
capacity of LD vessels. 

A feature of the Kaldo process has been the very low slag 
iron obtained, and a contributory factor to this has been 
stated to be the rapid revolution of the furnace. In view of the 
results obtained on static pneumatic vessels, does Professor 
Kalling still consider that a high rate of revolution is essential, 
particularly for vessels of larger size, up to 100 tons capacity? 
It is recognized that the heat produced in the furnace by the 
combustion of the CO is such that some revolution of the 
furnace is essential for cooling, but the rate of revolution 
necessary for this purpose is probably less than that stated. 

On the general question of slag iron content, I feel, as did 
Dr Pearson, that in many ways these processes appear to be 
related. From such information as has been published and 


from discussion with various people it seems that for most of 


these processes, the iron in the slag is related to the phosphorus 
in the metal. What is found is roughly this: for 0-2°,P 


- 0 


in the 
steel the slag iron is likely to be 5°; for 0-1°,P, 10°,; and for 
0-05°4P, 12-13%, or more. Probably little difference exists in 
this relationship between the LD, Kaldo, and OH oxygen 


pre cesses, 


Mr S. R. Isaac (Richard Thomas and Baldwins Ltd): Applying 
oxygen at Redbourn Melting Shop we have over the last 5 
years increased our output from 7000 ingot tons to 10300 
ingot tons which is very near the 50°, mentioned by Dr 
Colelough. We have not yet, however, got down to his low 
figures for fuel. 

We apply the oxygen in three ways, i.e. desiliconizing of hot 
metal, for combustion during charging, and lancing to speed 
up the refining. 

I wish to refer mainly to Mr Harrison’s paper and particu- 
larly to the desiliconizing of hot metal. We treat anything up 
to 6300 tons metal per week dropping the silicon from 0-7 
1-3% down to 4%. We consume roughly 20 lb limestone per 
ton of iron treated and blow 38 ft* of oxygen per 0:1%Si 
removed per ton of iron. 

As a coolant we use old moulds which are too large to go into 
the OH furnace unbroken, thus saving the breaking costs. 

On the question of yield we fully realize there is bound to be 
a loss. In practice, however, we find our vield slightly im- 
proved since we adopted desiliconizing. This we attribute to 
the fact that we now have no losses due to hot-metal skulls. 

Mr Harrison is pessimistic in his estimate of cost of desili- 
conizing which he quotes at 10/114d per ton. Our cost varies 
between 3/ld and 3/4d per ton. However, I notice he charges 
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his oxygen at 68/1000 ft®. We get it for 4/3d. Lances he charges 
at 9d/ton. Our cost is ld per ton, one lance blowing two or 
three ladles of 60 tons each. Our ladles are lined with tirebrick 
and give a life of 75—90 blows 

The advantages we claim to have from desiliconizing pla ed 
in order of merit are (a) regular quality of iron, (6) increased 
) lower metallurgical load in 


from 38 to 30%. 


temperature in the metal, and (« 


the OH furance 


The increased output due directly to desiliconizing we put at 


reducing our slag volume 


about 20° 


In our deve lopme nt programme we are now committed to 


further prerefine in Rotors when we propose refining the ion 
~C and 0-2°.P and charge OH furnaces with 


into the 


scrap By this method we anticipate a further increase in 


output of 40-50°,, with a reduction in co 


Consett iterate the 


Mr T. F. Pearson Iron Co. Ltd): I re 
question put by Mr Whiting about the injection of powdered 


lime. I have wondered what we get back in return for crushing 


up the lime and blowing it in by speci il means. There are two 


possible effects which I can imagine: one 1s an increase in 


speed, and the other. some metallurgical advantage, for 


instance, such as altering the carbon/phosphorus relationship 
vel of phosphorus at a higher level of 


I do not disbelieve 


and obtaining a lower Ik 
carbon. I would like to know the answer 
the statement 

Like Dr Pearson, since interest in oxygen lancing processes 
has increased, I have been trving to find a common basis for 


them all. We 


what is happening in any particular plant 


:ould not confuse ourselves by merely accepting 
There is obviously 
some common basis, because all reactions involved are those of 
the OH furnace 

From the point of view of yield I suggest that the various 
processes may he div ided under two heads, (a) the fixe d vessel, 
with an axial lance, and (b) the rotating vessel, fast or slow, 
which is horizontal, with an asymmetrical lance. It appears 
that in the case of the fixed vessel we must have a fixed pattern 
of combustion, but the possibility exists for the horizontal 
rotating vessel using either one or two lances (in the latter 
below the metal surface and the other above), 


case with one 


and of securing increased combustion by burning more CO 
to ¢ O, 

I am in possession of information on two sets of results each 
obtained over a number of charges, which enable the fixed and 
rotating vessels to be compared. It is generally acknowledged 
that the rapidly rotating vessel is likely to burn roughly 
300 ft?/ton more oxygen than the stationary vessel. If we look 
into the significance of this by interpreting it as extra CO 
burned to CO,, then a rough calculation transposing the extra 
heat developed to the decomposition of FeO, indicates that 


this extra heat is worth 4°, of the metallic charge in the form 


of increased yield. Whether or not this is achieved in practice 
is a different matter, and in practice the result may be only 
2°, but it seems to me that the rotating vessel must always 
have this advantage over the stationary vessel and its fixed 
pattern of combustion. 
Another point is speed. Here there is apt to be some con- 
fusion. Dr Michaelis has given us the latest results from the 
USA. If we take the speeds not on individual blows, but on @ 
series of blows in the various processes, I assess the capabilities 
of making steel by the active oxygen blowing time required 
and not the total time. If then we equate the rates in ft®/min 
for all the different processes we find that they are all very 
nearly the same speed. This suggests that the iron bath will 
accept oxygen at any rate one cares to apply, provided the 
engineering features of the vessel are adequate. It is probably 
the volume of the vessel per unit weight of charge which 
matters in this respect. If this volume is adequate we can make 
steel at any speed we please. If we add it often enough and fast 
enough and under sufficiently high pressure, I suggest that we 
may get a mushroom cloud of the type which has become 
familiar to us through the medium of certain photographs. 


Mr R. Mayorcas (John Summers and Sons Ltd) wrote: One of 
the most interesting observations in the paper by Mr Harrison 
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LD steel produc tion ina one shift starting ope ration 
= that rotor units are more likely to find application as steel 
making units than as pretreatment vessels. It seems wrong to 
base the working of a steel plant on its basic slagmaking pro 
pensitie 4 number of companies are erecting nitrogenation 
plant to cheapen fertilizers of one type and competition of a 
similar nature may one day attack the phosphate trade. This 
point emphasizes the statement made by the technician, often 
in Opposition to an economist, that a steelmaking unit should 
make steel not steam or fertilizers. 

If the cost of pretreatment, which includes dephosphorizing 
with desiliconizing, is representative then I would say that an 
increase of £1 11s 3d per ton is such a high one that no firm can 
possibly countenance that proposition unless much more than 
a 20°, increase in output is assured from pretreatment. 

Pearson’s paper illustrates the advantage of a form of pre 
treatment perhaps recognized as such, namely the ‘flush off 
prac tice in tixed furnaces, TI his practice makes us have second 
You that it 
was stated quite categorically, not so long ago, that the limit 


thoughts about tilting furnaces will remember 
of fixed furnaces should be about 150-200 tons. Here we are at 


Shotton with 240-ton and at 


Fairless with 320-ton furnaces, 
and the proposal of Pearson takes us to 380 tons with the 
pretreatment. These 
furnaces do not operate with the high-phosphorus hot metal 


elimination of a separate plant for 
which the tilting furnace was designed to use, but there are 
other cheaper ways of dealing with this metal, namely, the 


Kaldo 


mxygen 


recently shown to be able to deal with it, and the 


steam blown Bessemer 
Jackson's paper seems to me to illustrate the way in which 
the use ot 


the development of oxygen is taken to a logical 


conclusion. A piece of equipment is built in which pretreat- 
ment and refining are carried out in the same vessel with the 
minimum plant costs and minimum heat and material losses. 
Whether the vessel chosen is the right one remains to be seen, 


but it is a bold, 


attempt to make a serious contribution to the evolution of the 
steelmaking industry. 


meritorious, and it would seem, successful 


rhe three papers are concerned with new ways of making 
the OH furnaces operate at faster output rates, and the theme 
is the use of oxygen. Many plants today producing 20 tons/h 
could be made 


towards 


to do 30 tons/h if the same effort now directed 
could be directed the 
proper appreciation of the heat balance and operating details 
fan OH furnace. The cost 


per ton ot 


the use of oxygen towards 


would be far less, indeed the con 
version costs steel made are reduced. You rightly 
that we 


of OH 


yvreater 


state have to get a lot more out of our present number 


furnaces for years to come, and I think that 


mhiaaniy 


attention to regeneration, air infiltration, water-cool 
ng losses ling times, charging rates, fuel input rates, and 


proper « ynbustion must be 


} 


made. The advantages are there to 


© had and those from the use of oxygen are additional to 


them. 


I am, of « 


ypposed to the use of oxygen, but I am 


oncerned » 328 basic furnaces which between them 


have a capacity 20-8 10° tons and which cannot be 


rapped overnight. It seems to me that the advent of tonnage 
Instead of 
problem, and I think I can solve it 


Here is 


xygen is reversing the logical process of thought 


» oneself ‘I have a 


saving 


with the use * seem to be saving 


SOTHRe 
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MONTH IN SERVICE 


The first 
making sho} 


four months of LD ope ration ina Japane se steel- 


oxygen, how can I use it?’ Sometimes the latter approach is 
essential, and it pays dividends, but the existence of a large 


OH 


factor, whether we wish it or not, and all avenues of progress 


number of new conventional furnaces is a stabilizing 


should be studied equally carefully 
Authors’ replies 


Mr Cuscoleca: I 


experiments started at Linz and at Donawitz in experimental- 


was nearly 11 years ago that systematic 


size vessels. About 6 years ago the first two commercial LD 
shops went into production in Austria. At present 14 LD shops 
totalling 31 crucibles are in operation; their yearly capacity 
8:4 million tons. Another 13 LD shops with 24 
total 


totals about 
erucibles about 6°5 
2119 ft? 


weights of 


are building; their capacity will 


With a 


the largest crucible in operation can take charge 


million tons per year working volume of 
100 tons average. The smallest unit with a working volume of 
159 ft* will operate on a charge weight of 5-5 tons. The prob- 
lems of refractory lining, life of oxygen lances, optimum tap- 
to-tap time, and dust precipitation are solved in such a way 
that effectively the life of oxygen lances is more than 1000 
heats, the consumption of refractory averages 8:16 lb/ton of 
ingots, and the cleaning efficiency is up to 99-9°, 
Undoubtedly the relining time of 74 h for the crucibles is 
already relatively short. But it can be shortened beyond it by 
using up-to-date machines 


At present the pig irons used by the LD shops vary im 

analysis as follows 
Element % 

( 3:-60-4-60 

SI O-05-2-50 

Mn 0-30-3-50 

Ss O-OS0Q-0-40 


P 1-70 


For some years experiments were run at Donawitz and at 


Linz with pig irons with medium and high-phosphorus con 
tents The results found were put to practical use in the 
Pompey steel works. Quite recently the ARBED at Dudelange 
found an excellent method of Injecting lime powder through 
the oxygen lance. In this plant about 20000 tons of steel have 
been produced so far from a pig iron with P-contents ranging 
from 1-60 to 2-15°,. The steel produc ed has a P-content below 
0-255 P will drop to less than 0-020°, in steels with 


and 


carbon specification below 0-10°,. The slag-out of this process 
with 20 ye P.O and 6°,Fe 
These results are evidence enough that by the LD process, 


LD 


verted into the best steel qualities. Therefore this process has 


shows high citric solubility. 


] 


AC process respectively, all sorts of pig irons can be con- 


become fully independent of raw materials and composition of 
pig irons 

At present LD plants are operating under different condi- 
from 20000 tons to L300000 


tions, with capacities varying 





tons/year, also the economy of the process was clearly revealed 
during the last period of recession, when all the LD shops kept 
producing at their full capacity. 

Figures J and J illustrate the rapidity with which LD 
shops run up to full capacity after starting. In the case of the 
Japanese LD shop it should be mentioned that in the first 
three months full capacity could not be reached because 
enough oxygen was not at first available. 

Further it should be that the 


upper limit has by no means been reached yet and neither has 


mentioned as to crucible size 


optimum economy. I make free to mention the achievement of 


our US friends, who worked their 80-ton crucible so efficiently, 
that over a 24-h period the ingot output was 125 tons/h. These 
results how in the future modern large 


show steelplants 


should be designed. 
that 100 


engineers, Sir 


Finally in this country we should not forget 


years ago two English and 


Sidney 


known as the 


great inventors 


Henry Bessemer and Gilchrist Thomas, introduced 


their processes now basic Bessemer and the 
Thomas processes (up till recently the most economic convert 
S10n process for high phosphorus pig irons) This process has 
been surpassed only recently by the LD process Many ideas of 
both famous English inventors have been adopted by the LD 
process with the successful conversion of various types of pig 
irons into steel of such a high quality which was hitherto con- 
sidered a domain of the OH and the electric furnace. 
Mr B. Trentini: In reply to Dr Trenkler’s statement, I would 
like to say a few words. At Denain, it was not possible to put 
the lance axis close to the centre of the bath, and in fact, we 
had to use an off-centre lance. No trouble was found during the 
retining of the heat. It is true that if the lance axis comes too 
close to the lining, damage can occur, with a corresponding 
increase in lining wear. But lining life depends on other 
variables, particularly the diameter of the converter, flow of 
oxygen, and amount of slag. On large converters it is possible 
to blow with off-centre lances without increase in the wear of 
the lining. 
Moreover, we have made small-scale studies to compare 
the bath movements with centred and off-centred lances. We 
have found that the critical flow at 


movements is higher 


which we obtain mass 
with an off-centred lance than with a 
centred lance. Thus from the point of view of mass movement, 
This 
small-scale study has also shown that the movement of the 
bath is just the opposite as usually believed: the flow is clock- 


wise and not anti-clockwise as often written, and the corre- 


an off-centre lance appears better than a centred one. 


sponding theory of oxygen top-refining should be revised 


In reply to the question concerning the use of lime powder, 


it seems to us logical to add lime in powder form when one 
needs a great quantity of lime for removing phosphorus and 
silicon. This large quantity of lime has to be dissolved in a 
short time, with a weakly agitated bath, so that the reactivity 


of lime is very important and the best way to have a very 
reactive lime is to use it in powder form 
Moreover, in Fig. K we have plotted curves for the refining of 


high phosphorus iron with a jet of pure oxygen and we found 


that these curves do not go to so low an FeO as in the case of 


lime blowing. I am not sure that that is general, but that has 
been confirmed for basic OH in a series of heats described in a 
paper to be published in the near future. We have blown pure 
oxygen and oxygen with lime powder in a basic OH, with 
different lime powder concentrations, from 2 to 15 kg/m%, If 
we follow the slag evolution we find the same phenomenon, 
that when lime powder is blown, the FeO content in the inter- 
mediate slag goes down to lower values than with pure oxygen 
blowing. 


Mr J. A. Charles: Mr Evans has emphasized the importance of 
fume suppression, a problem which we have appreciated for 
many years, because it is a stumbling-block to the applica- 
light very 
frequently, and it is natural that we should apply considerable 


tion of oxygen-using processes which comes to 


effort to overcome it. As we intimate in the paper, we have 
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been working on this problem for some time; and, although it 
is early yet to give any account of our work, we hope to have 
some good news for the industry before long 

The main point which I want to make in reply to Mr Evans 
comments concerns our tower. We say in the paper that the 


main difficulty is likely to be the sieve discs, but our fears in 


this direction have been considerably reduced by the initial 


pilot plant experiments at Consett. The use of a firebrick 
strainer similar to those used in steel casting seems reasonably 
satisfactory, but, as often happens when research work 1s 
translated into full-scale or pilot plant practice, we have come 
across difficulties associated with equipment design, and there 
is still considerable development in this direction to be under- 


taken. 


Mr Folke Johansson: Mr Whiting asked whether or not it is 
necessary to have mechanical stirring. Extra stirring is im- 
portant if the boiling caused by carbon reaction is weak or 
absent, but what we, in the Kaldo process, have in addition to 
that, is the possibility of controlling the iron content in the slag 
very accurately and so keeping the iron content just at the 
value we need to get good dephosphorization. I am not sure 
whether the lime injection process will be cheaper than the 
Kaldo processs. There will always be some extra cost with lime 
injection, and with high-phosphorus metal, and there will also 
From an 
econonuc point of view it will be necessary to balance the good 


be, as in this case some extra wear on the lining 


heat economy in the Kaldo process against the lower refrac- 


tory cost at top blowing in a stationary furnace, 


Mr P. Metz replying for Mr P 


why lime powder is used 


We have been asked 


If we use lumps we have 


Vayssiére 
, from the 
point of view of viscosity, to add fluorspar, and this destroys 
the solubility of the slag and represents the loss of 10s/ton of 
steel, which is a lot of money, 


able. Secondly, 


because the slag will not be sale 
with a high-phosphorus pig iron an intermedi 


ate deslagging is necessary, and the second slag has to be 


formed quickly. That is possible with powdered lime but not 


with lumps. The quick solution of powdered lime makes it 


possible to stop the operation at 0 07°, or 0-05°.P 


and allows 
the possibility of making temperature corrections 
Mr J. L. Harrison wrote: Mr R 


the prerefining of iron may 


W. Evans makes the point that 
be ephemeral and that better 
operation of blast-furnaces may produce iron more suitable for 
steelmaking or that new steelmaking techniques may have an 
important effect on the future of pretreatment processes 
Taking a medium or long-term view, I am sure he is right but I 
would not agree that prerefining, in the works where it has 
become established, will be short lived. It is likely to continue 


because it offers a cheap and easy means of reducing the 
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problems which are peculiar to those works. Even the instal- 
lation of expensive ore-beneficiation plant is unlikely to 
eliminate the need for prerefined iron. Apart from desiring to 
reduce and control the silicon content of iron many OH steel- 
makers have problems with phosphorus. Recent developments 
in prerefining have shown that this element can be reduced, 
which should materially assist in making fuller use of OH 
capacity, and reduce the capital and overhead expenses in 
plants which are not yet obsolescent. 


Mr E. Davies has had the problem of silicon and phosphorus 
with him for many years and ranks as a pioneer in the investi- 
of methods to 


what he describes as an 


unmitigated nuisance in OH practice. The points he raised 


gation overcome 
regarding oxygen cost and ladle life have been partly answered 
by MrS. R. Isaac. It should be pointed out, however, that the 
scale of production must be kept in mind when comparing the 
figure for oxygen cost given in the paper with those at Brymbo 
or Redbourn. The plant at Brymbo has a productive capacity 
far less than the one from which Mr Isaac draws his oxygen. 
In addition costs of distribution and storage and the price of 
electricity may be quite different per ton of oxygen produced 
in the two localities. The figures used in the paper probably 
fall between the two prices, although Mr Davies is not so bold 
as Mr Isaac in quoting his cost. A figure of 68/1000 ft® is a 
reasonable approximation of the price of oxygen available 
from a plant with an output about mid-way between the two 
under discussion. 

The progress made at Bryrabo with the prerefining furnace 
using oxygen is most encouraging. When used in conjunction 
with electric furnaces in the production of a range of special 
steels from molten phosphoric iron it appears to offer an 
excellent solution to a difficult technical and economic situa- 
tion. It enables a high proportion of molten iron to be used, 
which so far has not proved economical in electric furnaces 
owing to high slag volumes and consequent slow working. 
Also, it may lower the electric furnace capital cost since it 
opens the way to the use of furnaces requiring smaller trans- 
former capacities. In certain circumstances a melting shop 
could be designed in which some furnaces operate on 100% 
molten charges and a smaller number, with higher transformer 
ratings, Operate on mixed charges of returned serap and a 
lower proportion of molten iron. 

The prerefining furnace may not have a universal applica- 
tion and it can be concluded with justification that, where the 
products permit, it may be more desirable to produce the steel 
in one operation direct from iron as in the LD or the Rotor 
processes, The hope is expressed by Dr Pearson that steel may 
be made in the Brymbo furnace. Such experiments would 
prove most 


valuable since the 


considerable 
advantages over some of the established oxygen processes. It 


design offers 
may well pave the way to further advances in the steelmaking 
techniques. 


I was most grateful to Mr 8. R. Isaac for his contribution. In 


my position I must not paint an over-optimistic picture, 


therefore, in the cost estimate there has been a tendency in the 
other direction. Not all works have oxygen available in the 


way Mr Isaac has, nor have they such accomplished operators. 


The oxygen cost has been taken at a higher figure and lance 
life based on less skilled operation. I feel that Mr Isaac has not 
included labour, capital cost, nor loss of yield which have an 
important bearing on the final cost of desiliconizing. The lower 
cost of oxygen and lances account for much more than half 
the total cost and bring the figure down to 3/7}d, which is in 
good agreement with his findings. 

Mr R. Mayorcas considers the cost of desiliconizing plus 
dephosphorizing is prohibitive unless much more than 20% 
increase in output is obtained. It must be recognized that 
the cost figures include losses and raw material consumptions 
which normally would be part of the steelmaking process. It is 
the overall cost of making steel which is important and the 
cost of lower fuel, refractory, and flux consumption plus greater 
output from the OH furnaces must be considered along with 
the actual pretreatment cost. 
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Part 2 Afternoon Session 


The following papers were presented and discussed (the dates 
of publication in the Journal are given in parentheses): 


‘Recent developments in oxygen steelmaking in North 
America’ by J. M. Gaines (1959, 192, 55-60) presented by 
the author. 

‘The use of oxygen in a modified tilting furnace’ |, 
A. Jackson et al. (1958, 190, 1-29). 

‘The use of oxygen in a modified tilting furnace: a progress 
report’ by A. Jackson (1959, 191, 337-342) both papers 
presented by Mr Jackson. 

‘The use of oxygen in duplex and stationary open-hearth 
practice’ by O. Pearson (1959, 191, 305-318) presented by 
the author. 

‘The refining of molten pig iron in electric-arc furnaces’ 
by R. Durrer and G. Heintze (1959, 192, 13-25) presented by 
Dr Durrer. 


Mr A, I. Aitken (Colvilles Ltd): At the outset, I feel I should 
refer to the differences that exist in oxygen usage between the 
new processes where the object is primarily the production of 
steel low in nitrogen, and other impurities and the more con 
ventional type of furnace where the prime object is higher 
production rates and increased outputs from existing plant 
This raises the question, ‘do we accept too readily, that the 
increased yutputs obtained with oxygen in these conventional 
type furnaces are worth while economically in a well-balanced 
plant’? Are we quite sure that the increased production rate is 
justified by production costs or do the burdens imposed by the 
higher productivity and lower furnace availability counter 
that 
oxygen in conventional furnaces depends entirely on the 


balance this gain? It is apparent the success of using 
cost /ton of steel produced, all other factors being equal. On the 
evidence available in these papers, we have, on the one hand, 
our friends in the USA rejecting the possibility of lancing 
economically on a tilting furnace, while Mr Jackson claims he 
this the 
different methods of lancing or in the differences in composi 
tion of the burden, or is it due to the difference in roof brick 
quality? 


has achieved very object. Does the answer lie in 


If we examine the data presented in Mr Jackson’s paper, we 
find that he claims certain savings. 
(i) A saving in fuel of 36 
]8s/ton). 
(ii) A saving in oxide addition of ? ewt/ton. 


therms/ton (roughly about 


(iii) An increase in the amount of saleable slag produced 
(this from the higher iron burden used). 

Against this we must offset the following disadvantages 

(i) A lowering of metallic yield of about 5°, (14 ewt ot 
metallics per ton). 

(ii) The high percentage of hot metal used in the Ajax 
furnace (99%, as opposed to 82°). 

(iii) The inability to control the FeO content of slag within 
desired limits. 

(iv) A tremendous decrease in steam evaporation from 1024 
to 295 lb/ton (this is a considerable loss in steam credit 
per ton of steel). 

The cost of the extra 1220 ft*/ton of oxygen used in the 
Ajax furnace. 
The accumulation of dust in checkers, flues, and waste- 
heat boilers and the extra labour required for cleaning. 
The increased use of higher-priced lime compared with 
the lower-priced limestone (0-53 cwt as opposed to 
0-21 ewt). 
Increased roof wear and the necessity to use very high- 
priced basic bricks. 
Lower furnace availability of 6°, (90°% as opposed to 
84%), and the consequent increased frequency of 
furnace repairs. 
(x) The fume problem. 
I feel that very substantial economies would have to be 
realized in other directions to justify, alone, the loss of 1} ewt 
of metallics per ton, while even the increased amount of hot 





metal used in this process represents a considerable increase in 
the cost of the burden. 
Although 


centage waste heat recovery between Ajax and thie adjacent 


Mr Jackson calculates an almost identical per 
furnace (27°, and 28%, respectively), there is a considerable 


1024 


claimed 


loss in the wate evaporated (205 |lb/ton as opposed to 
As he 


loss in 


furnace). has already 


this 


Ib/ton in the adjacent 


credit in the fuel saved, water evaporation re 


presents a loss of roughly bs/ton of steel produced. 


1 wonder how much the frequent removal of dust from 


checkers, flues, and waste-heat boilers adds to the cost of 


production as well as to the maintenance costs of the furnace? 
Does the lower furnace availability quoted (S84 include 
intermediate and running repair or is it Calculated on the over 


all Mr ords, it 


appear that many hot and awkward repairs involving quite 


roof campaign? From Jackson's re« would 
considerable delays have to be met 

; ie iron used in the Ajax furnace has had a certain cde prec 
of prerefining in an ac analysing 3-1‘ 
0-27 Si-0-47°% Mn, 
3°8°,C-1-6%, P-0-75° 


Would Mr Jackson indicate what he would expect from the 


tive mixer 


ompared with the pig-iron an 
pSt-0-75°,Mn; before it enters the mixer. 
Ajax furnace if he were working iron trom an inactive mixer? 
Mr 
produced 
those 


Taking all these circumstances into consideration, can 


Jackson justify the claim that the cost/ton of ingots 


from his 200-ton Ajax furnace is less than the cost of 


produced from the same furnace charged to 300-tons capacity 


and if, too, the process is really as flexible as he states since 


any variation in practice from 99°, hot metal lowers the 


production rate? 

Finally, I would ask Mr Jackson (a) why his output rates 
are assessed on the basis of total metallics per hour and not on 
tons of ingots per hour, which is the generally accepted base, 
and (6) what happens to his works’ return scrap if he is 
operating at 99°,, hot metal in a self-sufficient plant? 

Although appearing very critical of Ajax, I have nothing 
but for the Mr 


Jackson et al., in conceiving such a scheme, and they deserve 


admiration pertinacity and drive shown by 


great credit. 
Mr papel 


faced the management at 


lucidly the 
when they 
that 


Pearson's describes problems that 


Gary were to 


in the | 


striving 


increase their output. T must admit we K have 
little or no knowledge of Duplex shops but the first question 
that appears after reading his excellent paper is that of the 
very low yield (namely 81°,) obtained with these oxygen 
trials on his tilters; I wonder if Mr Pearson has any explana- 
tion of this? 

The yield of 88-5°,, obtained from the Fairless furnace is 
certainly an improvement on the first figure, but it still shows 


a disparity of at least 6°, when compared with the normal 
tilting furnace. 

Has any attempt been made to cost the ingots produced 
from the Fairless furnace for comparison with those from the 
Duplex shop and also with those from other OH furnaces at 
Gary? 

Another point concerns the dust problem which must have 
occurred (as it did with Mr Jackson) in the regenerators, flues, 
and waste-heat boilers at Fairless. What arrangements have 
been necessary to deal with this and how does it compare with 
normal practice? Again there is the question of fume and how 
with. 


to 


this has been dealt 
It would that, 
burden between Ajax and Gary practice, the method of oxygen 


appear me granting the difference in 
injection, coupled with furnace design and size, indicates that 
the oxygen is being used more effectively in the stationary 
furnace and, as such, should result in a more economic return. 


of be 
resolved at the individual works where the practice is known 


However, these questions oxygen use can only 


best to the works management. 


We at Dalzell have used oxygen primarily for flame enrich- 
ment. The furnaces are 100-ton capacity working on a 65% 


scrap, 35%, cold pig burden, making alloy steels for plate pro- 
duction. The results we obtained with injection of oxygen 


through the creosote-pitch burners directly under the jet are 
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to obtain 


In 


Increase ih 


more than encouraging short, we are able an 


average overall production rate, tap-to-tap, of 


oi‘ 14°, 


Although no cognisance 


, witha saving in fuel. 


has been taken of the fact that, in 


the present furnaces, refractory costs may go up somewhat, 


we are just breaking even in the actual cost per ton of steel 


Real savings will accrue when we have oxygen at 


produc ed, 


tonnage rate 


Furnaces of the conventional type, properly designed for 


oxygen application and with 


\jax or 


basic roots, will give the burden 


flexibility lacking in in the new 
Dr 
vey ot 


the USA 
problem primaril 


Games, in h paper, gives a compre ive and useful 


sul the teelmak 


but, ag 


and application produc 


In his papel 


tion imcreasc ol the order of avings of 


5-10°, using ren for flame enrichmer 


OX\ 


ortably, our 


I know that tl an ealized comf although 


own the furnace design and type of 


xperience mace 1 it 


firing are the deciding features for the actual amount of 


oxygen require d to obtain this increase in produc tivity 
As I do not profess to be a blast-furnace 


deal 


annot sa\ 


man, I ¢ 


a 


pro 


great regarding the use of oxygen f asing 
in the blast-furnace 

Any work with oxygen in this direction is rat w and it 

does appear that oxygen makes more acute the problems that 


already exist. One point in favour of oxygen application which 


do not find on the steelmaking side 1 at we | actually 
Nevertheless, in his 
ynew Vista 
the 

difficulties 


as a useful work of reference 


we 


“ave 
Dt 
oxygen in 
USA, 


with in 


less dust to handle Gaines 


pape! 
succeeds admirably for 
the blast 
while gl 


IOSSINY 


in open using 


furnace and his review of industry in the 


over many ot the met 


practice, will serve 
[ find that the paper by Durrer and Heintze is certainly the 
Many of 


existing plant but, as 


through 
has 
increased production rates in standard 
There is the 
electric furnace will serve as a base for the future development 


most interesting and stimulating of all us, 


necessity, have tried to use been 


shown, considerably 
electric furnaces are possible no doubt that 
of direct oxygen application for all types of burden 

I shall dwell 
earried out the 
readily appreciate that, from the electric furnace, one 


not on the various experiments they have 


on different burdens and ores, but one can 


can 
obtain all types of steels from the highest alloys and highest 
quality to straight carbon steels 

To my mind, this affords the ultimate in flexibility 


provided furnace size is sufficient and the economics are right, 


and, 


this appears to be our best prospect 
Finally, I that the 


making will be a Thring-designed vessel based on an electric- 


would say ultimate furnace in steel 
furnace shell using oxygen, liquid fuel, and electric power, and 
making any known steel, from any burden, at a lower cost 


than any individual process at present. 


Dr A. H. Leckie (Iron and Steel Board): As Mr Aitken has said, 
we have been listening to a series of papers describing valuable 
new discoveries in a field which is becoming increasingly 
familiar. These papers have been largely concerned with the 
use of oxygen in older steelmaking processes, if I may include 
electric furnace practice in this category among them, and 
provide some pointers as to the extent to which these may be 
able to compete with the newer processes. 

In recent years we have been subjected on the one hand to a 
mass of information on the successful operation of the various 
oxygen converter processes and, on the other, to a mass of 
information on the advantages of using the electric are furnace 
as a melter of scrap, and, as Dr Durrer has just told us, as a 
processor of iron, too. All this reinforces arguments that the 
OH 


valiant attempt to inject new life into the old dog yesterday. 


furnace is obsolescent, although Dr Colclough made a 


The question I want to ask this morning is, has Mr Jackson 
rescued the OH from a possible doom by his most remarkable 


work at Appleby-Frodingham? After reading his latest paper, 
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the heat required in the bath without the application of heat 
from external fuel. In addition to the heat generated within 
the metal, every lb of carbon which is oxidized in the bath 
of carbon monoxide which must burn on the 
No external fuel 


vigorous refining period and the only air required is that used 


generates 31 ft® 


surface of the slag. is needed during the 
for the combustion of the CO generated. The heat so generated 
is more than enough to take care of the radiation and leakage 
losses, particularly if, as in the Ajax furnace, the regenerator 
chambers and out-takes are completely enclosed. 

In conclusion, I would suggest that the time has arrived for 
a critical analysis of all the factors concerned in order to 
determine what the line of future action should be 
Commander G@. W. Wells (United Steel Companies Ltd): I have 
not a lot to add to the discussion or anything to say that will 
you trom 


interest a technical point of view, but as Dr Col 


clough has made some rather unnecessary and hardly entirely 
true remarks about the part which I have played in the Ajax 
development, [ thought I ought to give you the true picture. 

It was not that there was any bravery about spending a lot 
of money. On the contrary, it was the opposite to bravery, it 
was cowardice. We had no money to spend. When Mr Jackson 
pointed out to me that the only possible way of saving 
Appleby-Frodingham was to spend some millions of pounds on 
& pneumatic 


Sorry 


process, IT am afraid that all I did was to say, 
, now we know how much it would cost, you cannot have 
it. You had better do something yourself.’ He replied, “It is 
impossible.” I said, ‘We will give you 18 months to do it.’ 
Those 18 months have now passed, and I must say that I 
would like to pay my personal respects to Mr Jackson for the 
Whether in the end it is 


going to be a good thing or a bad thing has nothing to do with 


very wonderful work he has done. 
the respect I have for his work. 
I think it would help the industry very considerably if any 


other steelmaker would come in on the Ajax process. 


M. Allard (Institut de 


[ entirely agree with Dr Colclough that the OH furnace is not 


Recherches de la Sidérurgie, France): 
dead as a producer of steel, nor the blast-furnace a’s a producer 
of molten iron. But these two old processes have to be im- 
proved 

Concerning the other processes, such as Kaldo, LD, Rotor, 
ete. I think that it is a mistake to compare these processes 


with the old With those old 


converter processes every body tried for a long time to control 


Bessemer and basic processes 
the temperature, because the behaviour of the operation is 
completely dependent on the course of the temperature, but so 
far nobody has been completely successful in that field. On the 
other hand, when you are refining by means of oxygen by 
lancing, either in a rotating or in a stationary vessel, then it is 
possible to control the temperature, and, as Dr Colclough has 
said, to put in the necessary iron ore to cool or in order to 
obtain real control of the temperature. For this reason, it is 
possible with all these new processes using pure oxygen to get 
good quality steel. On the OLP process we get very good 
results, and for deep-drawing grades for example, we get better 
steel than the best from the OH. I think that the same is true 
who has 


of all these processes, and I think that everybody 


used them will confirm that. I think that these new processes 
are completely competitive and, moreover, are able to give 
better steel than the OH. 


Professor A. G. Lefebvre (Solvay and Co., Belgium): I would 
like to reply to Dr Colclough concerning ‘common steels’ in the 
basic Bessemer prot ess 

On the Continent steelmakers are able to make steel to the 
following specification on an industrial seale using the oxygen 
and a 


steam 


slag and 
0-0020° .N 


second sodic 


0-20°%P: 


process temperature 
control 0-020°>S: 


It has been found possible to obtain rimming steel with 
P+ 5N, 


with 


0-030°%,, according to the Strohmeyer formula, 


and high specifications SEDD (Super Extra Deep 


Drawing). 
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Mr F. Denig (Koppers Co. Inc.) wrote: The paper by Durrer and 


Heintze deserves the utmost consideration of every steel 
operator who intends either to install new hot-metal refining 
capacity or who now utilizes electric furnaces for conversion of 
scrap or a mixture of scrap and hot metal to steel. As I now 
understand the process as described in this paper, and from 
my visit to Von Roll, the following points are in favour of the 


pre CeSS: 


(i) raises hot metal/scrap ratio usable in are furnaces 


(ii) eliminates uncontrolled boiling on high hot metal 
charges 

(111) good productivity; equal to US cold melt (in same size 
furnace, better than US hot-metal furnaces) 

(iv) uses tines of iron ore 


(v) good P elimination from high-P pig iron 


For the most part these matters have been well discussed in 
the paper. 

On the economic side it is as well to remember that the OH 
operator will not lightly surrender to the LD or the electric 
furnace process unless it can be shown beyond a shadow of 
doubt that steel can be made more cheaply of equal or better 
quality than that produced by the two newer and younger 
processes. In a recent US journal* the following statement 
appeared: 


LD PROCESS ADVANTAGES 


Reasons for world-wide preference of the LD process 
include faster production, better product quality, adapta 
bility to a variety of hot-metal analyses, and the low 
capital investment of about $13-15 per annual ingot ton 2 


$18 for electric furnaces and $33 for open-hearths.’ 
The future of the Von Roll process in competition with the 
OH or oxygen processes will depend largely on: (see Table 1) 
(i) demonstration of greater steel producing capacity pet 
ft? of hearth as compared with present electric furnace 
practice and as a corollary the capital cost per final ingot 
ton 
(ii) ability to take advantage of the price and availability 
of s« rap 
(ili) the price of electric current v. the price of OH fuel or the 
power costs of oxvgen generation. 
In the USA 


started out by melting 100°, scrap in OH or electric furnaces 


many steel-manufacturing concerns have 


As these concerns grew their troubles increased with scrap 
quality and scrap prices. Hence they built blast-furnaces.’The 
particular economics of the time dictated the percentage of 
scrap to be used. By this I mean not only scrap price but the 
market demand in price and volume of finished steel. 

The quality steel producer is ever more cautious in his use of 
scrap, being fearful of foreign metallics brought in with the 
scrap. Hence a desire to use more hot metal from the blast- 
furnace 

With the increasing prices of fuels for both the blast-furnace 
and OH, there is great interest in any process that will reduce 
the capital costs of refining, the fuel cost of refining of hot 
metal and the minimizing of sulphur introduced during 
processing. 

Both the oxygen and electric furnace processes tend to 
correct these matters. Also on the horizon we see the electric 
furnace iron oe reduction process with its advantage of low 
carbon requirement per ton of hot metal. The new Koppers 


Udy variation gives a product of only 1-1-5°,C, a material 


Von Roll 
purification. This matter is of particular interest to the small 


almost tailor-made for the scheme of hot-metal 
steel plants of a few hundred tons per day output. 

As plants grow larger the question of electric power availa- 
bility comes to the fore. Large volumes of cheap power are not 
available everywhere and so the capital and operating cost of 
a power house comes in question. This is a problem but 
fortunately can be solved not only technically but also in the 


economic sense. 





* Steel, 1959, 144, (5), 220. 





TABLE 1 Steelmaking practice 





US practice 
Adjusted average 
of several plants 


Von Roll 


process 


English 
practice 
Furnace dia., ft 17 17 17 
Transformer rating, kVA 18000 18000 18750 
Nominal furnace size, 

tons 40 45 
Typical heat weight, tons 38 50 
Cold melt, tons/h 11-9 15-18 
Hot metal, 25—30°,, 

35-40%, 

Von Roll hot metal, 50°, 19-20 
Von Roll with direct 

reduction 13-6 








Dr J. M. Gaines in reply: Mr Aitken commented on the 
apparently small benefits which we in the USA obtain from 
combustion enrichment, that is, the use of oxygen with the 
flames. I agree that this is a matter of the particular furnace 
and the furnace construction. For example, when an OH 
built for 65-ton and with the original 


originally capacity, 


checkers, is changed to make 165-\on heats, there is no doubt 
that oxygen does a very substantial job in improving pro- 
. On the other hand, 


as Mr Pearson described at 


duc tivity in one of the new furnaces such 


Fairless, the use of oxygen does 
not yield as much benefit, because it is already a very sharp 
furnace, of the kind that Dr Chesters would like to see, and it 
takes well above 500 gal/h of oil and is burning it all in the 
chamber. 

Mr Aitken has mentioned the future idealized process o1 
vessel as one which contains electrodes, liquid fuel burners, 
and oxygen. If he will add that it also has a roof which comes 
off so that you can put the charge in very quickly, and a tilting 
mechanism so that you can get rid of the product, then you 
have essentially the current electric furnace with some burners 


added. the USA, 


although probably not to the extent that he envisages. Some 


This is now being done in some areas in 


ot our electric turnaces are being equipped with oxygen 


oil or oxygen-gas burners, operating primarily during the 
melting period to knock the scrap and giving a substantial 
increase in production and a saving in kilowatts. 
Finally, in respect to Dr Colclough’s comments, he very 
properly calls attention to two basic facts which the process of 
the future must recognize: (a) the necessity to consume 40- 
50°, of ingot weight as scrap, and (6) the heat units available 
in the CO produced in the bath by the primary decarburiza 
tion. These are obviously connected, as is evidenced by the 
ability of Kaldo to use up to about 40°, scrap by burning 
some of the CO within the vessel. The scrap capacity of the 
pneumatic processes can probably also be enhanced by adding 
additional fuel, for example, coal or coke breeze. Thermally, 
the use of 40-50°, serap should be readily possible by these 
methods; whether there are physical limits to scrap volume, re- 


sulting from vessel size and shape, must be considered, of course 


Mr A. Jackson in reply: It was over two years ago that the 
Appleby-Frodingham Company was considering the problem 
of making an additional 200000 tons of steel per year, and in 
this context was considering the Kaldo and Rotor processes 
which, at that ability to deal 


with phosphoric iron. At this time the LD process was gener 


time, had demonstrated thei 


ally believed to be suited to deal with iron much lower i 
phosphorus than that produced in Lincolnshire 

It is well recognized that the existing tilting furnace practice 
was designed to deal with phosphoric iron, which it does with 
such efficiency that it is difficult to find a process to replace it 
It is a process which uses a high percentage of phosphoric hot 
metal; only a single slag is removed which is normally low in 
iron and, in consequence, vives a good Vie ld of ingots and 
makes steel relatively cheaply. Our calculations showed, how- 
say, the Kaldo 
afford to 


relatively new steel capacity producing about half a million 


ever, that it could not make steel as cheaply as, 


process On the other hand, we could not scrap 


tons per year and install the Kaldo, Rotor, or other new pro- 


cesses because their production costs were not much lower than 
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there would have been the cost of 


servicing the new capital investment In 


ours, and in addition 


consequence, we 
decided to improve our existing practice by installing basic 


roofs and using much which led us to the 


development of the Ajax furnace, 


more oxygen, 
One speaker asked whether we would in future instal a con 
is still difficult If it 


necessary to increase production by, sav half a million tons 


verter or an Ajax furnace. It to say was 


per year and it was all to be of one relatively simple quality, 


then there would obviously be extremely good reasons for 


installing an oxygen converter vessel of some kind. If, on the 
other hand, one required only 2000 or 3000 tons per week of 
varying qualities, then it would still appear there would be 
extremely good reasons for modifying a further furnace to the 
Ajax type, thereby maintaining the flexibility of the OH pro 
cess to make a wide range of qualities, and avoiding the invest 
ment of new capital equipment which, in any event, one would 
hardly instal for such modest changes as 100000 tons per year 


} 


In reply to the points made by Mr Aitken, in the 


savings he 


mentioned in the Ajax process he has omitted any reference 


to that arising from increast d produc tion from a given pl int, 


an additional saving of very considerable importance 


As regards the disadvantages he mentions, the reduction in 


tallic vield is not 5°, as he suggests but nearer 2} The 


me 
high percentage of hot met il has no significance in the plant 
overall because the s« rap can he diverted for use elsewhere 
There is not, of 


content of the 


necessity, any inability to control the 


rhe 


bath is 


iron 
difficulty is that the content in 
liable to be 


operating spe¢ ds than is the case in 


slag 
higher with high 


We still 


equilibrium with the 
normal practice 
have hopes in this direction, however, as about 


slag off 


with a relatively low 


identify definitely 


charges are ready for 
but we have not vet been able to and re peat 


the conditions which lead to this iron content being obtained 
with regularity. 
We do not consider the 


furnace in relation to ordinary practice to be 


\jax 


a dis idvantage 


low steam production in the 
After all there are cheaper ways of producing steam than by 
do it. The cost of oxygen 
Mr Aitken is only a small fraction of the cost of 
the fuel it replaces 

The 
all OH 


intensive 


burning extra fuel in steel furnaces t« 
referred to by 


accumulation of dust in checkers, flues, et« 


ay plic Ss in 
furnaces anyway, but in oxygen blowing it is 
The 


recognized but the 


more 


higher cost of lime in relation to limestone ts 


former gives a gain in yield which no doubt 


goes some way to compensate for this extra cost 


It is admitted that roof wear is high and furnace availability 


low as recorded in the paper. Since it was published, however, 


halved 


been 


last 


the brick consumption for the furnace roof ha 


and the furnace availability is now 90 from tap to 


be gin first « harge of the nex ampaign 


been worked on direct metal 


Naturally the production is lower 
general loss of pro 


The furnaces have when the 
mixer 1s out Of commission 
and the slag foaming is much worse. The 


duction appears to be between 10°, and 20°, but the output 
is still very much higher than the standard OH furnace under 
conditions 

Mr Aitken also suggests that the 
OH practice We find it pref rable to work 100°,, hot metal on 


scrap elsewhere. We 


scrap. The production rate is lowered because 


the same 


} 


furnace is less flexible than 


this furnace and use the have, however, 


used up to 20° 


it takes longer to charge the scrap into the furnace than 


gain in time on oxygen blowing arising because a smal 


quantity 1s required per ton of ingots produc ed 


The output rates are intended to be based on the ingot tons 


per hour. At present this figure is almost exactly 30 tons and 
the ‘B’ 

As regards loss of iron in the 
that fixed OH 


Ajax furnace is averaging 5000 tons per working week 
slag, Mr 
producing fewt or even 5 cwt of 


high 


Aitken will remember 
furnaces are 
ntent at least 


slag per ton of ingots with an iron c« 


that we are removing from the Ajax furnace. In our case we 


slightly 


ng, the 


under 3 ewt per ton of ingots Relatively speak 


less 
We, however, are trvin 


Ir ake 
furnace 


that of 


loss 1 than much fixed 


retore, the 


practice it down to 
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normal tilting practice which is of the order of 9% or 10° and 
we will not really be satisfied until we achieve this. 

Mr Curphey referred to model work. We have done a lot on 
lances, and it is very interesting and would form a paper by 
itself 
first 


conditions with metal and slag 


Much of the early work was done using air and water. At 
OH 
In fact, however, the results 


sight this does not appear to simulate operating 


gave a very good picture of what actually happened in practice. 


As to the reasons we modified the furnace, in our case we 
had to decide whether the furnace was going to rely for its 
production principally on oxygen blowing, or whether it was 
going to be an OH furnace which was assisted by an oxygen 


jet. We 


and its speed of production would depend upon lancing, gas 


decided that it would be an oxvgen blowing furnace 


being used only for fettling and stabilizing the charge at the 
the Having decided 
checkers, slag pockets, and flues and completely encased them 


end of process. this we made small 
in steel. This gave a relatively cheap construction which was 
quite handy for cleaning and had the merit of having no infil 
tration, so that the size of the gas cleaner could be reduced. 
Mr Oscar Pearson, on the other hand, is apparently designing 
1 very modern OH furnace which will be assisted in its opera- 
tion by oxygen lancing. It will, of necessity, not have some of 
the advantages which characterize the Ajax structure. 

[ would like to thank several speakers very sincerely for 
their appreciative remarks, We certainly have had plenty of 
teething troubles but are gradually getting over them. Mr 
Aitken will also be that 


making quite a useful saving in the cost per ton compared with 


interested to know even now we are 


the rest of the shop, in spite of 100°, of metal and the lower 


vield of ingots which is a necessity in any process which uses 


oxygen to consume molten pig iron as a fuel 
Mr Oscar Pearson in reply: With regard to Mr Aitken’s remarks 
the following points are noted 

In the tilting furnace practice using the oxygen jet we did 
experience low yields. This vield was lost due to a high iron 
content in the slag and probably a loss of ore during the flush- 
We noted more 
violent reactions during the hot-metal addition in the tilting 


ing practice shortly after hot metal additions 
furnace than has been experienced in the stationary furnace. 
We are 


violent in the 


not sure of all of the causes of this reaction being more 


tilting furnace than in the furnace. 


We do know that 


water 


stationary 


the ores used were fairly high in combined 





Lich, no doubt, contributed to the violent reaction, As 


tated in mv paper, the use of the oxygen jet in the tilting 


furnace v. the conventional blown hot-metal practice did not 


compare favourably from an economic standpoint. On this 
| : I 


basis we did not pursue investigation to determine what might 


he done to decrease the loss of metallics 


In the stationary furnace, with the use of the oxvgen jet, we 


experenced a loss of vield on 


However. 


improved to the 


first introducing this type of 


melting in a shop as experience was gained, our 


vields have point comparable with conven 


tional practice. Our Fairless Works shop was the first to go on 


a full oxvgen-jet practice and now is comparable in every 


respect to expected vields in the stationary furnace. The vields 


experienced on first introducing the oxygen jet in the shop 


or 20 
9 to 


were from 3 lower than that experienced in con 


ventional practice This vield has heen iImMproy ed to the point 


where it compares favourably with that experienced before the 
introduction of oxvgen-jet melting 


The 


Fairless as compared with Gary where oxygen 


second point was a question of the cost of ingots at 
jet melting was 
We studied 
mn our experi 


We did a thorough 


Ingots with oxvgen v 


ised in the initial stages of oxygen jet use 


the cost of gots using the oxygen jet early 


on before we went to the basic roof 


study of the cost of making non-oxvgen 
} . Our find 


ots in the same shop in the same type of furnace 


ings silica roof, 


This, of 


using the oxvgen jet in combination with a 


showed that it was prettv much a break-even cost 


course, is due to the increased production rates. The really 
important factor in the use of oxygen jet 1s the increase in the 
production rate of ingots in a given facility. With the use of 


xv_gen jet we have shown an increase 
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in production rates of 





15-25%. With this increase in production rates it is obvious 
that more ingots were obtained without considerable capital 
expenditures. By the use of the oxygen-jet method we have 
been able to meet the need for more steel without additional 
OH furnaces 

Another point mentioned was the dust or air pollution 
problem. We are fully aware of the pollution problem and have 
made installations for controlling this condition at some of our 
plants. We are further experimenting with different types of 
installations for correcting this problem at various locations. 
At Fairless Works we have electrical precipitator installations 
individually connected to furnaces which have proved suffi 
cient to meet requirements in this location. At one of our other 
works which has furnaces comparable in size to the Fairless 
Works, 


collecting points on a manifold type of design to cover the 


we have installed electrical precipitators with four 


entire shop. These precipitators are designed to meet the re- 


quirements in this area. The installation will go into operation 
during May and, consequently, we have no results at this time 

Mr Curphey spoke of model work. Our oxygen-jet practice 
was developed on the basis of calculations and the trial-and- 
error method, Our research laboratories have not used model 
furnaces in the oxygen-jet practice. We had to determine the 
velocities and quantities of oxygen that were required to yield 
the best practice in a given furnace size. The research depart- 
ment cooperated in developing the practice on the commercial 
size furnace, and by this approach we have arrived at the 
current practice in the various shops. It was mentioned in the 
text of the paper that we utilize velocities between the ranges 
of 450 and 1 100 ft/s. There are several factors that govern the 
velocity used in a given location, such as, furnace size, orifice 
size of the jet, and quantity of oxygen used per ton of ingots. 
We naturally do considerable research work in our laboratories 
and experimentations before adopting a practice of major 
However, in 


importance, found it 


necessary to use trial-and-error on commercial-size furnaces to 


many cases we have 
confirm laboratory results. 

Why did we select a conventional furnace instead of the LD 
process has been asked. At the time we were making our plans 
for Gary Works, looked at 
methods \ balance problem was involved which 


required the use of percentages of scrap in our total burden, 


we certainly several alternative 


metallic 


which indicated that the economics pointed toward the con 
ventional furnace oxy gen-jet practice We also had the tilting 
furnace shop which was in good physical condition where expan 
sion could be obtained by the route of stationary furnaces at 
a reasonal le capital outlay 


built 


I wish to emphasize that we have 


not these conventional furnaces and could very well use 
another alternative before the actual plan is fully attained. 

Mr Curphey raised the question of vessel size if we should go 
to a that if we 


Works the 


-0O0 tons capacit 


pneumatic type of furnace It is my\ opinion 


build an LD type of steelmaking facilitv at Gary 
| g 


vessel order of 150 


SIZ would he on the 


The market in that area requires heavy tonnages of flat-rolled 


produc ts: conseque ntlv. we would re quire large ingots to pro 
duce large coils. For economic utilization of our soaking pits 
and rolling mills, 


effort 


we would require large heats and our entire 
would be directed toward the large vessel 

In reply to Mr Boyd’s question on the quality of products 
l the offer the 


produced from wish to 
following comments stages of production of steel 


oxyvgen-yjet 
In the «¢ 


practice I 
arly 
with the oxygen-jet practice we did considerable testing with 
all phases of quality in our processing and followed perform 
The 


that steel produced under the oxygen jet was equal to or better 


ances in the customers’ plants results conclusive 


were 


than steel produced in the conventional manner. The major 


reasons for this improvement in quality, we helieve, are due to 


lower sulphur contents in the ingot products, slightly lower 





nitrogen, and lower tramp alloy elements which are normally 
picked up when a higher percentage of 


The 


oxvgen.-jet 


scrap is emploved in 


the conventional practice physical properties of sheet 


steels produced by the practice have been ver 


uniform, and it is our opinion that various heat-treating 


practi "eS are easier to « ontrol 








The following papers were discussed (the dates of publication 


in the Journal are given in parentheses): 


‘The kinetics of bainite formation in a plain carbon steel’, by 
P. Vasudevan, L. W. Graham, and H. J 1958, 190, 
386-391). 

‘The kinetics of the formation of bainite in high-purity iron 
carbon alloys’, by S. V'. Radcliffe and E. C. Rollason (1959, 
191, 56-65). 

‘The effect of austenitizing treatment on the formation of 
lower bainite in a plain carbon steel’, by L. W 
H.J. Axon (1959, 191, 361-365). 


Axon 


Graham and 


Dr Graham (Hawker-Siddeley Nuclear Power Company Ltd 
presented the first and third papers, and Professor Rollason 
University of Birmingham) presented the second 

Mr F. B. Pickering (United Steel ¢ ompanies Ltd): There has 
been much speculation concerning the bainite reaction, but 
only recently have detailed kinetic and morphological studies 
been available. The author three papers under discus 
sion are therefore to be congratulated not only on the excellent 
quality of their papers, but also on a valuable contribution to 
phy sical metallurgy which prov ides the kinetic data which can 
now be used alongside morphology studies 


Phe papers fall naturally into two categories, namely, the 


mechanism of bainite formation and the effect of austenitizing 
conditions on the bainite reaction. In discussing the mechan 
isn of the reaction I feel it is a pity that none of the authors 


was able to carry out an electron mic! scopical invest 


igation 


into the progress of the transformation. Both sets of authors 


are in agreement that the mechanism in high-carbon steels 


changes at a temperature about 350 ¢ and the activation 
energies for the reactions above and below 350 C are respec 
tively close to those for carbon diffusion in austenite and in 


ferrite. This change in mechanism can be seen in the micro 


structures of low-carbon bainites, in which steels it occurs at a 


temperature of about 450°¢ 


At temperatures close to Be. i.e. 550-600°C. the bainite 


forms as plates of ferrite whicl ww and entrap re ms of 


Discussion on the mechanism of bainite formation 


A) as the carbon 


carbon-enriched austenite between them (Fig 
diffuses away in front of the moving ferrite/austenite interface 
hese entrapped carbon-rich austenite areas eventually trans 


form and form long films of carbides between the plates of 
Fig. B 


carbide 


bainitic ferrite, i.e. parallel to the bainite plate axis 


At lower temperatures ferrite plates again form but 
them (Fig.¢ 


oriented at an angle to the bainite plate axis 


with the carbides 


Fig Db 


pi ture of the barinite reac- 


quickly precipitates within 

There is therefore a reasonable 
tion, both kinetically and morphologically. The ba 
transformation to torn 


formation is a shear 


analogous manner to the martensite transformation. The 


transformation product can only grow by removing carbon 
from solution, and at 
diffusion of carbon 
activation energies support this view At low temperatures on 


the other hand, the 


high temperatures this achieved by 


into the austenite and the measured 


carbon prec ipitate 3 out of the territe as 


carbide and although there is less agreement between the 


measured activation energies, they are of the eneral order for 


that of carbon diffusion in ferrite, « specially bearing in mind 


the strained nature of the ferrite due to the shear transforma 


tion. At low temperatures, carbon can be accommodated in the 


lower bainitic ferrite, and here we have discrepancies between 


the two paper in the amount of carbon in lution. These may 
be due to experiment | inadequacy in the Eggertz carbon 
inalysis or in the case of the paper | Radcliffe and Rollason 
an unwarranted assumption in using 1 Dijkstra 
ind Koster or ilpha iron for the effeet of carbon out of solution 
on the resistivity of beinite. The veluee given by De Axen and 
his co-workers would ippear more reliable | ‘ r, as 0-3 ( 
in solution at 2O0O;C ist re 1 agreemen t the tubility 
given by US workers for the equilibrium between e-carbide and 
martensite, and in the case f lower bainite tl e paper have 


shown that e-carbide is more likely to be present 


The structure of low temperature bainite nteresting 
Carbides are oriented at a more or ke onstant angle to the 
plate axis. This is ver milar to the orier t the firs 
formed carbides, probably e-carbide, ir teels tempered at 
LOO POO ¢ The analog therefore, between mit and 





A 0-01°.6 


steel transformed 600 CC. 20s 





15000 


B 0-1°.C steel fully transformed at 500°C 15000 
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C 0-1%C 50°C, 40s 


martensite is quite clear and can even be extended to the 
bainitic ferrite formed at higher temperatures in low-carbon 
steels, in which markings can be seen lying across the ferrite 
plates (Fig.E£). In fact, such a similarity has been pointed out 
by Radcliffe and 
energies for upper and lower bainite can be extrapolated to the 
same value at 


tollason who show that the activation 
zero carbon, and this value is close to the 
activation energy for martensite formation. They also con- 
clude that at low carbon contents the reaction is dominated by 
the austenite-ferrite with which I would 
However, I would point out that even at low-carbon 


transformation, 
agree 
contents the enrichment of carbon in the austenite quickly 
causes the diffusion of carbon to take control, especially at the 


lower temperatures. As I have pointed out, the change in the 


mechanism occurs in 0-1°.C steels at 450°C and as the carbon 
is increased to 0-4, this temperature is increased some 50°C or 
so. This is of course in low-alloy steels, but I would appreciate 
the authors’ comments on this effeet of carbon and why the 
temperatures are higher than in plain high-carbon steels. 
Another point of interest is the acceleration of the bainite 
reaction which is shown up only by the curves for small 
above Ms. 


This could be an effect due to heterogeneity or the early pre- 


amounts of transformation at temperatures just 
cipitation of carbide, but I am more inclined to think it is due 
to clustering of carbon in the austenite before transformation. 
We have found this effect in following transformations in the 
lower bainite region by resistance measurements, which gave 
an early and apparently false start to the transformation. 
Dilatometric and metallographic examinations in fact, showed 
that no transformation had taken place, and I would weleome 
the authors’ views on this effect. 

Technologically, the reason for the strength of bainite is of 
the greatest interest. The possible hardening mechanisms are 
the fine grain size of the bainitic ferrite and dispersion harden- 
ing by carbides to which the present papers have added carbon 
in solution, lattice strain, and a high dislocation density 
resulting therefrom. However, due to the marked differences 
in the structure and mechanism of formation between low- 
and high-temperature bainite, there should be changes in hard- 
ness, work hardening index, ete. as we change from the low- to 
the high-temperature form. I would like to enquire whether 
the authors found any such changes, as we have observed very 
marked differences in between the two 


impact properties 


structures. 
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C steel transformed 450°C, 408s 


15000 


Turning to the effect of austenitizing conditions on the bain- 
ite reaction, this paper proy ides some very interesting informa- 
tion and clears up many points on which there has been con- 
flicting evidence. One small point, apparent from the data in 
this paper, is that the austenitizing temperatures used in the 
previous work may well have left some carbides out of solution. 
Perhaps the authors would comment on whether this was so 
and whether it had any marked effect on the subsequent kinetics. 

One of the main effects seems to be that increased grain size 
has a marked accelerating effect on the 5°, transformation 
time, but not on the 95%, transformation time. Extending the 
analogy between bainite and martensite still further, could the 
authors comment on whether this is due to a ‘burst’ of trans- 





wsformed 650 CC. 4 min 


15000 








formation. This would be more marked in a larger grain size, 
so that there would be a greater probability of 5°, transforma 
tion being exceeded in the early ‘bursts’ with a result that the 
apparent start of the reaction is accelerated. Such an effect 
would be unnoticed of course, on the 95°, transformation time. 
The shape of the curve for the time for 5°, transformation 
against austenitizing temperature in Fig.4 (p.363) is more 
sigmoidal than that drawn by the authors. For a constant 
grain size and with all carbides in solution, it appears that up 
to 860-S880°C there is little effect of increasing austenitizing 
temperature but over the narrow temperature range S880 
900°C a marked retardation of the lower bainite reaction 
occurs. There is but little further retardation as the austenitiz 
ing temperature is increased above 900°C. I would appreciate 
the authors’ comments on whether up to 860—880°C, although 
all the carbide is in solution, there are still carbon-rich regions, 
i.e. the austenite is not homogeneous so that there are also 
carbon-depleted regions which can act as nuclei for the bainite 
reaction. At about S80—-900°C these carbon-rich regions begin 
to disperse and the austenite becomes more homogeneous so 
that there are now no obvious and pre-existing nuclei for the 
bainite reaction which is therefore retarded, and little further 
affected by increasing austenitizing temperature. This effect is 
similar to one we have observed on ageing from increasing 
solution temperatures. At some temperature considerably 
above the solubility temperature, the ageing process becomes 
much slower due to the dispersion of the clustering effects. As 
the authors point out, clustering is one of the most important 
effects in the austenite and will be markedly affected by 
austenitizing conditions 
Dr §. G. Glover (Birmingham University): From resistometric 
measurements made during the tempering of a series of quen- 
ched carbon steels, Dr H. W. King and I 
activation energy (@) for the first-stage tempering process to 


have found the 


increase linearly with carbon content according to the expres 
sion Q=8500 « wt-°,C + 18000 cals/mole.* On the grounds 
that the value for each steel appeared to be unique over the 
temperature range examined (100°C) and throughout a con 


siderable part of the process, we have tentatively associated 


this quantity with the activation energy for the diffusion of 


earbon in martensite. As such it probably provides a more 
useful comparison for the activation energies for bainite 
formation derived by Dr Radcliffe and Professor Rollason than 
the value for carbon diffusion in ferrite or those for tempering 
due to Lement and to Roberts as plotted on Fig.11l of the 
authors’ paper (in fact, re-evaluation of the results from which 
the latter were derived brings these activation energies « losely 
into line with the above expression) 

On making this comparison, the interesting result is found 
that whilst the values for tempering greatly exceed those for 
bainite formation, the discrepancy between those for temper 
ing and for the lower bainite reaction is constant at 16000 cals 
mole over the whole range of carbon content. This large differ 
ence is puzzling but it is perhaps noteworthy that the increase 
in activation energy with carbon content is the same for the 
two processes and that this contrasts sharply with the varia- 
tion of the activation energy for carbon diffusion in austenite 
which is decreased by an increase in carbon concentration. I 
agree with the authors that further elucidation of the kinetics 
of bainite formation probably must await measurements of 
growth rates by direct observation; this may also reveal the 
significance of theirextrapolated value of 2000 cals/ mole for the 
formation of both upper and lower bainite at zero C content. 

My last 


Dr Axon and in particular their suggestion that the influence 


remark concerns the paper by Dr Graham and 
of austenitizing temperature on the rate of bainite formation 
under conditions of constant grain size and complete carbide 
solution arises from variations in the degree of clustering of 
carbon atoms. If this be so, then, as the authors assert, the 
effect should be thermally reversible. Considerable importance 
therefore attaches to the demonstration of reversibility illus 
trated by Table II and Fig.7 of their paper. Unfortunately the 
wide scatter in these vital results makes them rather uncon- 


*H. W. Kine and BS. G. Grover: JTST, 1959, 193, 123-132. _ 
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vineing. Do the authors know the cause of this scatter? 
Secondly, would the method of Fig.7, Le. to austenitize at a 
relatively high temperature so setting the grain size and car 
bide solution and then examine the influence of austenitizing 
over a range of much lower temperatures, not have provided a 
more satisfactory method than that adopted for most of the 
work, namely the ingenious but rather hazardous method of 
austenitizing at each temperature for a time designed to y ield 
constant conditions of grain size and carbide solution? 
Professor F. C6. Thompson (Manchester University): The three 
papers under discussion make a most interesting and import- 
ant contribution to the whole question of the bainites. The 
work has been done from widely different points of view, using 
techniques which are equally widely different, but as previous 
speakers have said, the net result is a most astonishing degree 
of agreement, qualitatively at any rate 

Each 


Rollason is confirmed by the results of 


Radcliffe 
Axon et al., and it is 


conclusion given in the paper by and 
perhaps not unjustifiable to comment on the care with which 
all the experimental work has been carried out 

I personally was attracted by the tec hnique used by 
Professor Rollason and his co-worker for getting samples with 
a minimum and constant degree of impurity. The use of the 
Eggertz test by Vasudevan, Graham, and Axon is a continua 
tion of the work that Chaudhuri and I did some five years ago 
and appears fully to justify the use of this type of test as a 
metallographic tool 

The two aspects of the work which interested me mainly 
were the variation of carbon within metallographically homo 
geneous austenite and the mode of formation of lower bainite. 
The clustering which has been discussed this afternoon does 
not vary in any essential manner from the ‘carbide’ with which 
Chaudhuri and [ attempted to explain our results. So far as the 
decomposition of the austenite is concerned, it is quite clear 
that the nature of the carbon distribution within the austenite 
is a matter of profound importance and radically affects the 
way in which the austenite will break up later on. This is a 
possible explanation of the variation of experimental results 
which have been recorded 

Some ten years ago now Jepson and I, as a result of direct 
visual examination of microstructures, propounded the view 
that lower bainite was not a primary product, and that the 
first stage in its formation was the transformation to marten 
site which was then followed by a second stage involving the 
tempering of that martensite. The papers we have had pre 
sented to us this afternoon contain a very large amount of 


evidence for that point of view, particularly perhaps, the 
second figure in the paper by Vasudevan, Graham, and Axon 
in which the allotropic transformation is shown beyond any 
doubt to precede pres ipitation 

This view of the formation of the lower bainite would appear 
to imply a supersaturation with respect to carbon, and both 
the work at Liverpool and that at Manchester agree, quali 
tatively at any rate, that this does occur. The quantitative 
agreement is not so good and I think that sooner or later it 
will be found that the 


tadcliffe and Rollason, possibly considerably, but are less than 


real figures exceed those found by 


those suggested by the work of Axon and his co-workers. 

In both cases, it is worth noting certain assumptions have 
to be made in arriving at the quantitative amount of carbon 
present and how far such assumptions are quantitatively exact 
is still a matter which is by no means beyond discussion. 

There would appear to me to be essentially nothing between 
the views Jepson and I propounded and those put forward by 
Graham and Axon, apart from a change in the fashion of 
scientific nomenclature. [ am disturbed by the tendency for 
which the metal physicist would appear to have been mainly 
responsible, to rechristen the constituents present in heat- 
treated steel. A ferritic lattice produced from austenite by a 
shear transformation, which lattice is supersaturated with 
earbon in solid solution and in a condition of strain, is nothing 
more than martensite and is moreover, in my opinion, sheer 
scientific jargon. Well established terminology is adequate to 


describe all the constituents of heat-treated steel and it is 
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i A. = 
OOO 1100 
AUSTENITIZING 
F Times to 1%, and 10%, reaction v. austenitizing temperature, 
reacted at 366°C 

difficult to see what advantage or justification there is for 
abandoning this terminology in favour of another, far less 
simple and possessing no merit other than novelty. 

In passing it is not inappropriate to remark how much 
Benedicks would have approved of the statement by Graham 
and Axon that ‘the formation of the bainite plate must strain 
the austenite matrix and set up in the matrix a back-pressure 
acting to prevent further transformation’. Again allowing for 
change of nomenclature that is exactly the conclusion he had 
reached in 1908. 

There are so many points of importance and interest in 
connection with all the papers, that it is difficult to know which 
to pick out for special consideration here. One point, however, 
does stand out. Radcliffe and Rollason have shown in Fig.11 
that the activation energies of formation of upper and lower 
bainite vary linearly with the carbon content. They have 
attempted to explain this in terms of the rates of diffusion of 
carbon in austenite and supersaturated ferrite respectively. 
Here, they and Axon and his co-workers are in complete agree- 
May I that there is a quite different and 
possibly much simpler explanation? It is universally agreed 


ment. suggest 
that martensite is produced by a shear transformation: that is 
to say, is a purely mechanical phenomenon. The austenite will 
change over to martensite therefore, when, and only when, the 
sum total of all the stresses operative reaches the elastic limit 
of that austenite. As the carbon content rises and the strength 
of the austenite increases, the difficulty of the mechanical 
transformation will rise correspondingly. This is only another 
way of saying that the activation energy is increased. T would 
suggest that a very simple, and perfectly adequate, explana- 
tion can be obtained by regarding the process as a mechanical 
rather than a physico-chemical one. 

the Institute, 
Scholarship Committee, our most sincere thanks for the grant 


I must express to through its Carnegie 
made to Dr Vasudevan without which a man whom I regard as 
very able would never have been able to carry out his part of 
the work 


(The Chairman added that Dr Radcliffe had also received a 
grant from the Carnegie Fund.) 


Mr J. Barford (Liverpool University): I should like to present 
that the 
drawn from the experiments described by Graham and Axon 
in their paper are not universally true. 


some experimental evidence to show conclusions 


There are two important differences in experimental con- 
ditions between the present work and that described by 
Graham and Axon. These lie in the material and austenitizing 
conditions employed. The present work was carried out on a 
high-purity iron—carbon—manganese alloy containing 1-1°C 
and 1-0°,Mn as compared with the 0-9°% plain carbon steel 
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used by the authors. Higher austenitizing temperatures were 
used (1000—-1250°C) as compared with 835-990°C used by 
Graham and Axon. 

The specimen grain size was established by controlling the 
austenitizing temperature and variations in thermally rever- 
sible effects, such as carbon clustering, were eliminated by 
holding, in each case, at the lowest austenitizing temperature 
in the range, 1000°C, before quenching to the reaction tem- 
perature. The austenitizing treatments used gave complete 
carbide solutions, as discernible by metallographic examina- 
tion of partially reacted specimens, and grain sizes ranging 
from ASTM7 to ASTM3. 

The experimental procedure that followed consisted of aust- 
enitizing at the chosen maximum temperature for 3 min, cool- 
ing tol 000°C and holding fora further 3 min, followed by quench- 
ing to the reaction temperature. Reactions at temperatures of 
277°C and 366°C have been studied, thus including both the 
upper and lower bainite ranges. The specimens were reacted to 
about 20°, bainite and then quenched out, the course of the 
reaction being followed by continuous resistivity measure 
ments of the wire specimen in a way similar to that described 
by Rollason. The actual percentage reaction undergone by 
each specimen was then determined by point counting and 
from this value and the previously measured resistivity 
changes a transformation curve was plotted 

Figure F shows the times to 1% and 10° reaction in the 
upper bainite range as a function of the maximum austenitiz- 
ing temperature. There is a marked increase in reaction times 
about 


orr 


with increasing austenitizing above 
1100°C. A similar effect 


Reaction times increased by a factor of three on raising the 


temperatures 
was noted for reactions at 


austenitizing temperature from 1 000° to 1250°C. 

The grain 366°C 
measured. This was facilitated by the fact that the precipitate 
boundaries 


sizes of the specimens reacted at were 


nucleates almost exclusively at austenite grain 
Figure G@ shows the relationship between grain size and 
austenitizing temperature. The curve is strikingly similar to 
Figure F’. Little grain growth occurs at austenitizing tempera 
tures below 1100°C, and little the 
reaction below 1100°C. 


These results therefore, for a manganese steel, are 


there is retardation of 
directly 
contrary to those of Graham and Axon. Furthermore, they can 
be explained simply on the assumption that both upper and 
lower bainite are heterogeneously nucleated at grain boun 
daries. This has been confirmed by metallographic examina 
tion of partially reacted specimens. Grain boundary nucleation 
of upper bainite in a 1-0°,Mn steel is shown clearly in Fig.H 


Dr J. White (Liverpool University): The papers of Vasudevan, 
Graham, and Axon, and Radcliffe and Rollason, have shown 
that upper and lower bainite form by processes which are 
kinetically different. This effect must be due to fundamental 
either the 


differences ir nucleation or the growth of upper 


and lower bainite or both. 





H 1-:0°.Mn-—1-1°,C 
and reacted at 


alloy, austenitized at 1200 C and 1000°C 


365 € 300 


It is well established that steels « ontaimimg alloy ing elements 


I 
different 
extents show time temperature transformation characteristic 


which affect the bainite and pe arlite reactions to 


which correspond to two ‘C’ curves, either overlapping or com 
pletely separated. Though the presence of alloying el 
this to be 


ments 


enables demonstrated there is no reason to sup 


pose that the separation is due to anything other than the 
By analogy, in 
upper 


should be 


kinetic difference between bainite and pearlite 
view of bet ween 
is expected that the difference 
form of the TTT curve. By 
the TTT curve of a 


steel, using a similar technique to that of 


the observed kinetic difference and 
lower bainite, it 


reflected in the means of careful 


examination of eutectoid plain carbor 
Radcliffe, we 


been able to show that there is in facet a discontinuity 


have 
between 
the upper and lower bainite reactions 

In order to investigate further the difference between upper 
and lower bainite, we have carried out some step quenching 
experiments. Specimens were quene hed from the austenitizing 
termnpe rature to 25S ¢ held there for varying pe riods of time, 


and then up-quenched to temperatures in both the lower and 
upper bainite ranges. The results of the experiments show that 
a) the discontinuity 


still 


expe rimenta 


between the bainite 
and (bh) 


holding at 


upper and lower 


reactions 1s marked with up-quenching that 


within the error the prior 


no effect upon the subsequent formation of lower 


whilst t rmati of upper 
that 


bainite s retarded, 


sugge 

upper bainite is not heterogeneously nucleated at 

lower bainite plate interface 
Additional evidence on the 


lower bainite was re po 


difference between 


upper ind 


ed by Low at the recent Swampscott 


Purkak 


upper 


conference on fracture 


He deseribed experiments by 
in which 0-56°,C steel specimens were 

$0 ¢ 
the same 


— 196°C 


transformed te 
and lower bainite at 


then 


and B00°C re spectively, and were 


hardness at 560 ¢ 


elec tron miu roscop 


tempered to and frac 
tured at roughly fractured surfaces 


TI e re sult 3 


were then 


examined by ndicated that 


controlled by the 
the 


the fractured path wa 
ture. In upper 


bainite plates, within a single austenite grain 


ferrite in the struc 


bainite fracture facet traversed several 


implying close 
alignment hetween the In con 
trast. the fracture path in tempered lower bainite is made up of 


ferrite in the different plates. 


many fine cleavage facets and the facet size is related to the 


bainite plate size, suggesting that the ferrite from a single 
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TABLE 1 Typical values of shear products 





(lor position, 
( 





bainite plate is the elementary fracture unit. The mode 


fracture of pearlite is found to be 
upper 


to lower 


comparable with that 


bainite, whilst that of tempered martensite was sim 


bainite, suggesting that upper bainite is formed 


nucleation and growth, whilst lower bainite is formed 


nucleation and shear 


Dr A. P. Miodownik 
Vasudevan 
for the upper and lower bainite reac 
14000 


Battersea College of 


, Graham, and Axon have found activation energies 
tions of 34.000 eal 


well 


mole qu »ted for the activation 


mole and 


cals/mole, which compare with the value ot 


31 000 cals/mole and 16000 ca 
ssociated with the 


However, he 


energies a diffusion of carbon in and a 


iron. results of Radcliffe and Rollason seem to 


show that this agreement may be fortuitously correct for higt 


carbon alloys; as the carbon content decreases, the activation 


energies assoc iated with bainite formation decrease rapu iv, 


the activation energy for the 


diffusion of carbon either 
(Fig.11). In conse 


that at low 


vs sensibly constant or increases slightly 


quence, Radcliffe and Rollason considet carbon 


contents the bainite reaction is basically dominated by the 


formation of supersaturated ferrite, and that as the carbon 


content increases, the removal of carbon by diffusion becomes 


increasingly important, but that since present reaction rate 


theory cannot adequately deal with reactions controlled by 


more than one process, it is difficult to draw an juantitative 


conclusions from their data 


Phe treatment which follows is an attempt to indicate how 


the shear 


bauite 


and diffusion « mponents of the reaction 


might be separated and the msequent effect on the apparent 
values of the activation energies concerned 


The activation ene rgies calculated by Radcliffe and Rollason 
i 


are derived from Arrhenius plots which in turn are based on 


Now 


a criterion 


reaction rate data such as shown in Fig.1| of their 


4 paper 
of the time 


the use to reach 50 transtormation a 


the rate of reaction ts only strictly legitumate if the whole of 


the transformation is diffusion controlled; if part of the trans 


formation occurs by shear, the time required to obtain 50 


transformation will appear shorter than if the whole trans 


formatior 


occurred by diffusion, and the difference will be 


directly related 


diffusion 


amount of shear product replacing 


product 


sugh estimate of the possible percentage of shear produ 


made as follow Let 7’, be the temperature where 


thermodvnamu possible to she 
perature at \ il Oo 


and 


he percer 


let termpe 


shear product 
Table 1 gives typical value 


contents for a temperature 


iken from Cohen 


based 


Machlin 


4 


on data from Bullet 


ilues f 
vie ( . th componet 
strictly speak 


Arrhenius plot 


culating ever 
which is a \ v lengthy 
Ing approximat 
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TABLE 2 Recaiculated values of activation energies 





Low-temperature bainite 
Composi- Authors @ Recalcu 
Cc lated @ 


High-temperature bainite 
Authors Q 


Recaleu 
lated YQ 


tion, * 





0-6 ) 12400 
0-8 9500 
1-0 11500 
1-2 13000 


18500 
22000 
29000 
32000 


30500 
29800 
32500 
32000 


12800 
124900 
3000 





(i) it is apparent from Fig.1 of the authors’ paper that there 
is a roughly linear relationship between the percentage 
transformation and (log ¢) over a wide range of values; 
making allowance for an effective change in the per- 
centage transformation for the amount of shear product 
then causes a change in (log t) by 100/(1L00— °,shear 
product) 
the effect of shear 


product is not very marked over the range 400—300°C 


temperature on the percentage 
so that the value calculated for 350°C can be used over 
the range of temperatures in question 
since the activation energy Q is directly proportional to 
(log t), the recalculated values of Q independent of the 
shear component of the reaction are simply the authors’ 
values multiplied by 100/(100— °Gshear product). 

Table 2 reproduces the authors’ activation energies to 


gether with the recalculated values. It is evident that there is 


now a much better case for assuming that the formation of 


upper and lower bainite is controlled by the diffusion rates 
of carbon in austenite and ferrite respectively 


The agreement between the recaleulated values of the 


activation energy and the accepted values for the diffusion of 


carbon in y- and a-iron is not perfect, but it is evident that there 


is now a much better case for assuming that the rate-con- 


trolling reaction in upper and lower bainite is the diffusion of 


carbon in y- and a-iron respectively. The agreement is in fact 
the simplicity of the (T,—T) 
(T',—Mr) is considered and the additional approximations 
taken into account. Both the values and the use of 7’, and My 
that 

errors introduced by using these rather arbitrary 


very good when function 


are open to question, but it seems likely some of the 

terms may 
be self cancelling. No specific model of the interplay between 
shear and diffusion is assumed in this treatment; it is im 
small or 


material whether the shear component occurs in 


large areas, follows or precedes diffusion, or occurs at regular 
or irregular intervals. There is no objection in principle to 
using the same function for mixtures of martensite and bainite 
occurring below the Ms or for the formation of probainite 
ferrite, for which a shear component has been previously 
suggested.* It is plausible to consider that there are a large 
number of very small shear components in the upper bainite 
region, and that as the temperature is lowered, so there is a 
gradual and progressive change to a smaller number of larger 


and more coordinated shear movements. 


Mr A. P. T. Taylor-Gill (Canatalas Steels (England) Ltd): I 
should like to make a purely practical contribution deriving 
from my use of bainite as a working structure in tool steels, 
and other steels, over many years 

I have persisted in this in the face of a good deal of criti- 
cism favouring the physical/mechanical properties associated 
with tempered martensite, and am therefore specially inter 
ested in all three papers insofar as they seem to me to prov ide 
much physical metallurgical justification for treatment tech 
niques which I have developed by practical methods, and 
justified by results in service 

Not only am I convinced that, other things being equal, 
lower bainite is a better working structure than tempered 
martensite in those tool steels in which it can be completely 
produced by practical treatment methods, but IT am also much 
interested in working structures consisting of partial bainite 
produced at temperatures around the 300°C ‘kink’ which has 
been shown, the remainder of the structure being martensite 
produced on subsequent cooling 





A. P. Miopowntk, in discussion: ‘Mechanism of phase trans 
formations: metals,’ 319; 1955, Inst. Metals Symposium. 
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Such structures have often been condemned on the basis 
that they are mixed structures, but my own feeling is that, 
providing they are free from residual austenite, neither the 
complete nor partial lower bainite structures necessarily 
suffer from the low proof stress values commonly ascribed 
to them. 

To reduce the level of residual austenite, especially in high 
alloy tool steels, where I had using high diffusion 
methods in austenitizing for improvement of initially unsatis- 


been 


factory structures, I used methods of step-quenching and up 
quenching much along the lines of those described in the 
papers, and have now settled on a number of standard treat 

ments of these types, either designed to precipitate carbides in 
advance of transformation or to use the start of the bainite 
transformation, for improving subsequent transformation I 
classify these methods under the term ‘pre-nucleation’, and 
the service results from their use appear very promising. 

Dr E. Eichen (Allegheny Ludlum Steel Corporation, USA): 
Mr Pickering’s remarks about the transformation 
being a shear or martensitic transformation are very interest 

ing to me. I personally believe that the bainite transformation 
is a shear type of transformation. This belief stems from work 
done at the Ohio State University by Professor J. W. Spretnak 
and myself on transformation in high-purity iron. However, I 
do find myself in agreement with Dr Glover on the point of the 
matter of extrapolation of the activation energy in Professor 
Rollason’s paper. One normally thinks about a shear trans- 
formation occurring without an activation energy or with an 


bainite 


activation energy which is not much different from zero. Even 
though the extrapolation of activation energy shows a very 
low activation energy of 200-300 calories, I do not feel that 
this can be used as an interpretation of the mechanism of 
transformation at this time. At best, we can only say that 
there is not much difference in theory and the extrapolation. 

In regard to the swingback in the start of transformation 
curve in the lower bainite region, I find it difficult to believe 
that there might be a clustering effect above the Mg, to give this 
swingback in the curve. I do not see how you would have 
enough mobility of carbon atoms at these temperatures to get 
clustering above Mg, unless clustering already existed at high 
temperature. If it did, you would expect the same effect for 
upper bainite as well as for lower bainite. 

Professor Rollason has made a point about the sagging of his 
specimen which he tends to explain by an extension of the 
lattice due to supersaturation of carbon. If I have interpreted 
the paper correctly, I believe that this could be explained 
much more easily. In his work, he had his specimen fixed at 
both ends. When you transform from alpha to gamma, you will 
be going from an open system to a closed system; and, there 
fore, you must have a decrease of volume. Since the specimen 
is fixed at both ends, there must be some kind of plastic 
deformation occurring to satisfy this necessity for decreased 
volume. When you now transform from gamma to alpha, the 
reverse situation is true: there must be an increase in volume 
It seems to me that it would be very unlikely that even though 
we now have the original volume back that the dimensions of 
the specimen would be the same as before 

We had a very similar experience while working with high 
purity iron at the Ohio State University. In electrical resis 
tivity work on high-purity iron using a wire specimen, we found 
a change in dimension in the wire after every cycle through the 
transformation temperature. This was a perfectly reproducible 
situation in the sense that once the specimen had been cycled 
through the transformation temperature several times, one 
could then calculate the percentage change in resistance for 
any other cycle which arose out of the change in dimensions. 
We also had a similar experience using a flat sheet specimen 
which was restricted at the edge of the sheet. In this case, after 
several cycles through the transformation, the specimen was 
found to be no longer flat but in effect cupped 
Dr Graham, in reply: Mr Pickering has pointed out that the 
austenitizing treatment used in the part of our work dealing 
with the kinetics of bainite formation may well have left some 
carbide out of solution. This is indeed true but the presence of 





traces of undissolved carbide is not detrimental in this particu 
lar study since its purpose was merely to study the way in 
which the formation of bainite varied with reaction tempera 
ture using standard austenitizing conditions. The effect of 
bringing into solution the last traces of carbide is to move the 
TTT curve to the right as indicated by the results obtained 
from the investigation of the effect of austenitizing conditions 
on the transformation. 

I assume that by ‘burst transformation’ Mr Pickering means 
the almost instantaneous transformation of several percent of 
The 
obtained by measuring the dilation continuously and in no 
As to 
Mr Pickering’s final point I think his interpretation of the 


the austenite. transformation curves, however, were 


instance was a sudden burst of transformation observed 


shape of Fig.4 in our second paper may well be valid but we 
feel that there is insufficient experimental evidence on which 
to base such hypotheses. 

Dr Glover that it 
attention could not be given to the experimental confirmation 


I agree with is regrettable that more 
of the concept of carbon clustering and in particular to the 
that the effect is thermally The 
scatter shown in Fig.7 of our second paper is in all probability 


demonstration reversible 
a part of the penalty which must be paid for using a com- 
mercially available steel for such investigations, subject as 
they are to chemical fluctuations. The method suggested by 
Dr Glover for producing constant grain size and carbide solu 
tion would be more elegant than the technique we used but 
would be equally tedious and possibly as ‘hazardous’ since 
the time required to reach equilibrium conditions at each 
austenitizing temperature would still have to be established. 


There is one point which Professor Thompson raised which I 


Joint discussion on hydrogen in steel 


This discussion was based on the following papers (dates of 
publication in the Journal are given in parentheses): 


‘The diffusion of hydrogen in steel at temperatures of -- 78 

to 200 ie by J. D. Hobson (1958, 189, 315-321). 

‘Hydrogen in ferrosilicon’, by \. 
mundsen (1958, 190, 948-254). 

‘The determination of hydrogen in steel by a carrier-gas 
technique, by C. B. A. Shanahan and F. Cooke (1958, 190, 
381-385) 

‘The removal of hydrogen by diffusion from large masses of 
steel’, by J. D. Hobson (1959, 191, 342-352 

Dr J. D. Hobson, in presenting the 


called attention to an error in the text, the second equation in 


Christensen and K. Gier- 


first of his two papers, 


the first column of p.315 having been incorrectly printed. The 
last term should read e~®"®/T, not e-!! ! 
a slide, Fig.A, 


first paper, which 


Continuing, he said: I wish to show a revised 


version of Fig.8 in my shows the rate of 


evolution of hvdrogen from a large forging for a period of a 


little under a vear and a half. The forging is still in our works 


and still evolving hydrogen, and Fig.A brings the 
to date 


shows the collecting device. 


position up 


In the left-hand corner is a sketch of the forging which 


a metal funnel secured to the forg 


ing with at the top a tap for withdrawing the gas periodically 


for investigation. The gas is 96°, hydrogen and 2°;, methane. 


I want to emphasize the pronounced effect of the ambient 


temperature Comparing the month of the vear wit! 


+} ] 
he slope 


of the curve, it will be seen that there 3; a pronounced 


June 


1958 and a slowing 


tendeneyv for evolution in the period 
August 


up in the 


Lo speed up 
1957, and there is a hump in June 
winter. If we take a tangent to the curve 
winter season and a tangent to the curve 
season the slope varies by a tactor 


laboratory experiment, where 
experiments suggests that ther 
of 2 for 


on a piece ¢ »| ‘ig i something 


about 10°C. In other words 


e with experiments on smi 
line with xX] en " 
a few hundred grams. Incidentally. the hvd: 


in that forging was known from a slice cut 
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would like to take up. If, by the statement that ‘the allotropic 
transformation precedes carbide precipitation’ he means that 
a fully grown martensite plate forms before any precipitation 
occurs, | would disagree. I would rather say that the relatively 
slow propagation of the duplex bainite structure occurs by the 
growth of lavers of martensite the formation of which are 
dependent, once the first platelet of martensite has formed, on 
the preceding carbide precipitation. It would not be wise to 
conclude anything further from Fig.2 of the first paper other 
than that the early stages of bainite formation involve less 
carbide precipitation than the later stages 

The experiments described by Mr Barford are interest ing but 
as he has pointed out the retardation effect produced by in 
creasing the grain well known feature of 


size 18 a grain 


boundary nucleated transformations. It would, however, be of 
interest to examine the transformation in this steel under con 
ditions of constant grain size to discover the importance of 
clustering effects 

Professor Rollason in reply: I should like to thank Mr Picker 
ing for his interesting contribution, but some of his queries will 
necessitate far more research before satisfactory answers are 
available, and this applies particularly to the question of 
carbon saturation. Professor Thompson’s suggestion is prob- 
The results 
reported by Dr Glover are a valuable contribution and the 


ably as far as we can go at the present time 


revaluation of Roberts’ results certainly supports the data 
given in our Fig.11. With regard to Dr Eichen’s explanation of 
the sagging of the wires after transformation I cannot entirely 
limited 


temperature range over which the resistivities of the pearlitic 


agree because the sagging only occurred over the 


and bainite conditions diverge 


diameter end and that information was used to calculate the 
area covered by the fun 
that 


rate of hydrogen evolution from the 


nel. The observed rate is about 80-85%, of predicted, 


which seems a reasonable agreement, considering the very 


different scales of the two experiments. 
Turning to the practical implications of this work, it means 


that the storage of small samples to retain their hydrogen 


content is quite practicable at 78°C. The steep rise in the 


diffusion constant means that in taking samples for hydrogen 


determination it is very important to reach a low temperature 


as rapidly as possible. That is well recognized, but on looking 


into the theoretical aspects it will be found that there will be 


an hour or two at room temperature before the hydrogen 


losses become serious from the middle of small specimens, 


though there will be rapid loss from the surface. One has only 


a matter of minutes at 100°C and only a matter of seconds at 


200°C, so that it is very important to quench samples intended 


for hydrogen determination as rapidly as possible. On the 


other hand, with large ses of steel, billets or forgings, 


although the diffusion cor ant rises fairly with tem 


the effect of the 


teeph 
square law is such that for commer 


below 100 


perature 


cial purposes the rate of loss of hydrogen 150°C 
is usually negligible 
Equation S) on 


VJ .(.M); the co- 


idual hydrogen fraction. 


Presenting his second paper, he aid 


Sri¢ uld read HJ Vv) 


f Figs.2 and 5s! 


p.343 is incorrect and 


ordinate ild read re 


ng over about five 


The second paper describes work 


which an att ver tii 


Theo 


of hvdrog 


anne iling 
vdrogen remo 
Phe theoretical aspect 
the existing papers take 
Indeed the detailed calcul 


solutions ff the equations 


starting point forthis work, coupled 


Sv ke Burtor und Ge 


oom ternperature in accordam vious paper. 


»y to the practical probl ; > at the loss of 


hydrogen at the surface of large 1 


teel under indus- 
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A Evolution of hydrogen from 0-34%,C steel forging 
trial conditions is not an instantaneous reaction. The surface 
effect has a pronounced result on both the shape of the hydro 
gen distribution curve within the metal mass and on the time 
taken to reach a desired concentration at the axis 

From the theoretical study, if one is concerned with the 
maximum hydrogen content in a cylindrical forging, once the 
length exceeds about two diameters the problem closely 
resernbles that for an infinite cylinder 

Several methods of estimating the time-—size—diffusion func 
tion are outlined, and a surprising fact which emerges from a 
study of practical cases is that the completion of forging 
operations may require several days, yet 7-forging will usually 
have a value of only 0-03-0-05; from Fig.5 it will be seen that 
it this 


tage, 


owing to the time required to set up a hydrogen 
gradient in the forging, the concentration at the centre is still 
at the initial level 

Figure 5 has eighteen points, but since this paper was sub 
been obtained and a 


Fig. B) 


Che majority of the results still lie reasonably near the theo 


mitted a year ago many more results have 
revised version with about thirty-five results is shown 
retical curve. 

Further work on cross-sectional hydrogen distributions has 
also been carried out and agreement between theory and 
practice is usually similar to that shown in Fig.6. 

rhe section discussing the failure of the US rotor forgings 
points out the difficulty in dealing with hydrogen by diffusion 


We 
thermal 


annealing in the large masses now demanded by engineers. 


tried, unsuccessfully, to obtain more details of the 


cycles for those failures, and the caleulations could certainly 
have been improved had we been given more information. But 
one is forced to the conclusion that vacuum steelmaking, par 
ticularly vacuum casting, is likely to provide the only reason 
this Table VII 
100 h difference in annealing time could be 
high 
this would be of the order of a 


solution to the 
Here about 


required by 


able problem. emphasizes 
point 
a change from typical low to values of 
hydrogen content at 20 in. dia.; 
400 h differential at 40 in 

rhe section on works failures was added to show the value of 
the difficulties 


iused by hydrogen are well recognized in works practice there 


dia. 


the caleulations for diagnosis. Even when 
will be occasional errors and accidents, and application of the 
methods proposed can be a useful tool in assessing the merits 
of alternative explanations 

Mr Christensen presented the second paper and Mr Cooke 


the third. 


Mr F. Cooke, in presenting 


himself 


the Shanahan and 


paper by Mr 
said: At the time that experimental work was carried 
out we had not attempted to load artificially samples of steel 
with hydrogen. Dr Hobson kindly supplied information on this 
and we have 


method ance equilibrated pairs of } in. dia. by 


in. evlinders (evlinder weight about 15 g) at 1LO000°C and at 


1 atm pressure of hydrogen. An initial set of 30 samples gave 
0-1 ml H,/100 g; in 


agreement with the calculated value. Subsequent samples have 


hvdrogen contents of 5-6 reasonable 


deviated considerably fromthe caleulated value but each pair of 
I 


evlinders has been shown to have the same hydrogen content 
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Comparison of theoretical curve and absorbed hydrogen loss 


by diffusion from large forging 


Comparative results on pairs of cylinders as determined by , 


the carrier gas and vacuum heating methods are listed below. 
Carrier gas method, 

ml H,(NTP)/100 g, 5-8 6- 

Vacuum heating method, 

ml HANTP)/100 g, 5-9 6-4 

The 


methods is satisfactory 


agreement between the results obtained by the two 


Mr J. E. Russell (English Steel Corporation Ltd): It gives me 
considerable personal pleasure to open this discussion since, 
apart from the very considerable merit of the papers, those by 
Dr Hobson rely 
father, Mr T. F 

I congratulate Dr Hobson on two very interesting papers, 


the the 


heavily on t 
1936 


very ie tables published by my 


Russell, in 


which bring out into the light, for first time, some of 


work which has been going on in most heavy forgemasters’ 


works on the problems of removing hydrogen by diffusion. In 


his first paper, on low-temperature diffusion, he confirms some 
of the anomalies noticed by various workers on the diffusion 
constant below 200 C. Does he attach any great importance o1 


significance to the observation which he notes in his Fig.5, 


the 


range of 


showing change in diffusion constant with temperature 
150 


the 


over the down to 10°C, being similar to that of 


the diffusion gamma range, an activation energy of 


about 12 keal/g-atom? There is always a temptation to draw 


the curve in that way because the points appear to fall in that 


way; but, as Richardson pointed out in the discussion of the 


paper by Sy kes et al.' to whieh Dr Hobson refers, the phenom- 
ena which we are studying involve the activation energy of the 
absorptive and adsorptive proc eSsSes as well as of the hvdrogen 


within the steel, and it may well be that the results obtained 


by Dr Hobson are due to changes in the surface conditions at 


low temperatures rather than to an alteration in the internal 


metallurgy of the sample 
Dr Hobson investigates the difference between natural and 


impregnated hydrogen so far as diffusion is concerned and 


tends to write off such differences in diffusion rates as he 


obtains as due to the possible variations in test conditions, 


methods of work, microstructure, ete. Nevertheless, despite 


this and other demonstrations that the diffusion properties of 


impregnated hydrogen are about the same as those of natural, 


the implication being that there is in fact no difference, I still 
do not see that this disproves the possibility of the hydrogen 
being present in more than one condition, or position in the 
lattice, as it is only this hypothesis which seems to explain 


certain facts. For example, 3° ,Cr—Mo steel, used for various 


chemical process vessels, can contain up to about 20, 30 ml 


100 g. or even more; the steel containing far more hydrogen 


than would be expected solely on solubility grounds, without 
any trace of hair-cracks being found after long years of service 
If it is held that the hydrogen is always in the same condition, 
we are forced into the sort of argument that Dr Hobson uses at 
and have to assume that anything 


the end of his first paper 


with hydrogen present must hair-crack eventually and that 





the effect of alloy additions such as chromium is merely to 
stave off the evil day by reducing diffusivity. While it is neces- 
sary to keep an open mind, I find this extremely difficult to 
accept. 

Incidentally, I am surprised that Dr Hobson, in discussing 
these diffusivities, does not mention the work of Geller and 
Tak-Ho Sun? in 1950 who, after assessing all the diffusion data 
existing at that time, gave figures 14 than 
those given by Sykes et al.* and subsequently used by Dr 
Hobson. Geller also diminution of the 
diffusion constant at low temperatures, or rather a divergence 


2 times greater 


obtained a slight 
of the results away from the straight line at temperatures 
above 200°C. 

Turning to Dr Hobson’s second paper, which is of very con- 
siderable immediate practical interest, most of the large forge- 
masters have developed methods of their own for assessing the 
effectiveness of a given heat-treatment for hydrogen removal. 
Probably all these methods are very satisfactory provided we 
do not delude ourselves into believing that they are correct. The 
spread of the experimental points is such that large liberties can 
be taken with the mathematical theory. Forexample, the author 
relies on the method of converting the actual treatment time 
cycles into the dimensionless parameter 7 = Lkt/b? and using this 
in Russell’s tables as though the diffusivity were constant 
throughout. To the rigorous mathematician this seems quite 
indefensible and it can be shown to be grossly in error in many 
circumstances, but I must admit that, after many years’ 
experience of heat-flow problems, it is surprising what one can 
get away with. In this instance the assumption produces 
results which fit the experimental data reasonably enough, as 
Dr Hobson’s Figs.4 and 5 show. The scatter in experimental 
even 


however, is so large that it seems to me that 


he quite adequate for practical 


values, 
simpler assumptions may 
purposes. Indeed, we have used the raw, unconverted r para- 
meter for many years as a crude index of the effectiveness of 
any given hydrogen-removal treatment. 

Some support may be given to that from Dr Hobson’s own 
data, because in Fig.5, and even in the revised version of it 
which Dr Hobson showed in presenting the paper, the points 
are very well fitted by a straight line starting from U = 1-0 and 
going down to about U=0-2. What happens below about 
U=0-2 is not of great interest for practical purposes. The 
points in Fig.5 can very well be covered by a straight line with 
no worse scatter round the line than is shown by the author’s 
theoretical curve. 

Here I should like, as it were in parenthesis, to put a point to 
Dr Hobson with regard to his Fig.5. He says in the text that 
this relates to forgings between 24 in. and 43 in. dia., i.e. vary- 
ing by a factor of nearly 2. The H value should be proportional 
to the diameter and consequently ought also to vary by a 
factor of 2; yet Dr Hobson tries to fit all of them by H=4. 
Actually the points are fairly well covered between H =3 and 
H =7. Has the author ever checked back his results with these 
forgings with the H values adjusted in this way, and did he 
improve the fit to the experimental data? 

As I have already said, we have used this 7 value as a some- 
what raw index of the effectiveness of hydrogen treatment, or 
occasionally as converted to U values using the H =infinity 
curve from the Russell tables, but with the object of attempt- 
ing to correlate these values not so much with actual hydrogen 
contents but rather with the incidence of hair-cracking, i.e. 
whether individual rotors have been rejected or not. With one 


particular quality of forging, 2°,Ni, results over the last six 


years have shown a continual and more or less gradual drop in 
final U values as the precautionary treatments (diffusion treat- 
ments and so on) have been made longer; but the number of 
forgings rejected for hair-cracks appears to bear very little rela- 
tion to the actual drop in the hydrogen content. Has the auth- 
or correlated his results on all forgings with the incidence of 
rejection of forgings due to hair-cracks? 

Hair-cracking depends on factors other than hydrogen, 
probably the most important of which is internal stress; but 
for large forgings, as distinct from mere rolled billets, metal- 
lurgical segregation seems to play a dominant part, and I think 
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TiM — 


Cc Gra} h of h ydroge n evolution against time 


it would be correct to say that almost all hair-cracks in larg 


forgings are associated with segregated areas. These have 
obviously different transformation properties from the matrix, 
as well as mechanical weakness. I should like the author to 
comment on this point. 

He says that he has laid the paper out as a sort of introduc 
tion to hydrogen calculations, but 
Table I he *Time-diffusion 
product, kt/h’. This kt/h also appears in Table III, 
extremely puzzling. This time-diffusion product is a diffusion 
3600, so that 


cem*/h. It would have been better 


I should like to point out 
two obscurities. In uses the term 
and is 
constant 


it is really the diffusion given in 


to leave it in those terms 
instead of using this time-diffusion product, which is not 
explained in the text. 

Secondly, that he 
measures the area under the chart which is proportional to 
ck. 


chart is proportional to Xk*t. It is only after study that one 


in describing the planimeter he 


hat, I think, is incorrect, because the area under the 
finds that the way in which the author uses a planimeter will in 
fact turn up with a figure proportional to Lkt, but certainly 
not proportional to the area under the chart. 

I agree with his general conclusion that for large forgings it 
is almost economically impossible to get the hydrogen down to 
a reasonable level by diffusion treatment, and vacuum casting 
is the only ultimate solution. There will be such a plant avail- 
able commercially in this country soon. 

Finally, I should like to make a comment on the paper by 
Shanahan and Cooke on the carrier-gas technique. This is an 
extremely elegant and simple method and I feel sure that it 
will be adopted very largely in steelworks chemical laborator 
ies. The authors suggest a gravimetric method as an alterna 
tive to the Karl Fischer titration, but that seems to us to be a 
very poor substitute because of the enormous extra time spent 
on it and the difficulty of checking complete diffusion. Pr 
sumably they intend it for laboratories which are not familiar 
with the Karl Fischer technique. 

They normally work with a sample weight of 50 g. If they 
worked with lower weights of sample, say 10 to 20 g, it would 
be more convenient to cut down the diffusion time and so on, 
but the trouble with such small samples seems to us to be 
that the factor for the Karl Fischer technique is poor. A 10-g 
sample containing 6 ml/100 g requires only 4 ml of the titrant 
It is possible that this difficulty can be overcome by experi 
menting with different strengths of the solution. It would be 


interesting to hear whether or not the authors have any 
experience of working with small samples. The figures which 
Mr Cooke gave in presenting the paper suggest that they have 


done some work in this direction, 
Dr K,. Sachs (GKN Group Research Laboratories): The rather 
odd behaviour of hydrogen can best be classified under two 
separate headings: where hydrogen goes in steel and where 
hydrogen goes when it comes out. 
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The latter point is one of analytical technique and interpre- 
tation. Thus Dr Hobson determines the methane content of 
the gases evolved in analysis, assumes that it has originated as 
hydrogen and corrects the figures accordingly. Christensen and 
Gjermundsen treat their moisture contents differently; they 
attribute them to absorption and hydration of non-metallic 
constituents, but make no reference to the possibility that it 
might originate in the reduction of oxides by hydrogen in the 
metal. 

Another point of the same kind relating to the outgassing of 
hydrogen is the effect of, presumably, oxide scale at the sur- 
face. Not long ago J. R. Brown and I* put forward the postu- 
late that carbon is held in by adherent scale because CO and 
CO, cannot escape through the scale very easily and so de- 
carburization is delayed; now that Dr Hobson suggests that 
the kinetics of hydrogen outgassing are similarly affected by 
scale one might jump to the conclusion that the same sort of 
thing is happening. In view of this I am distressed to find that 
Dr Hobson dismisses his own results in Fig.6 of his first paper 
as within the scatter of experimental results. He gives a curve 
and three series of points for hydrogen evolution in air, in 
mereury, and in vacuo. Whilst it is true that the differences 
between them are not very great and certainly do not account 
for the slow rate of out-gassing he observed at room tempera- 
ture, I think that an examination of Fig.6 shows that they are 
quite consistent, and it is interesting to find that the evolution 
is rather slower in 


mercury than in vacuo. The rate of out- 


gassing depends to a considerable extent on the environment 
into which hydrogen is desorbed, as has been shown by 
Bastien! and it is not surprising to find that mercury slows 
down this stage of the outgassing mechanism; this effect of 
mereury has been observed at BCIRA.® 

Turning now to hydrogen in steel, we have a number of con- 
fusions, some of which are made rather worse by terminology. 
Let us take the case of residual hydrogen. There are at least 
two kinds of residual hydrogen and the same sort of con 
troversy applies to both of them. If we plot hydrogen against 
time at room temperature we get a curve of the kind shown in 
Fig.C’. 

At point X hydrogen evolution is very slow indeed; if the 
temperature is raised, more hydrogen is evolved. and this is 
Controversy 


often referred to as residual hydrogen centres on 


the question whether this residual fraction of hydrogen is 
genuinely locked in the steel at room temperature and freed at 
higher temperatures, or whether it might evolve at room tem- 
perature if it were possible to wait long enough. 


Dr Hob 


in some cases we 


ons results 


may suggest that the former is true, but 
find exactly the same thing with hydrogen 
which ts residual not at room temperature but at 600°C. Some 
investigators find that 
es off at 


ged by different 


all the hvdrogen in commer ial steel 


600°C but others have observed that in steels 
methods the amount of hydrogen which 
off depends on the temperature at which the analysis is 
two different kinds 


We ] 


would be interesting to have these 


of residual hydrogen sorted out. They cannot be the same 


expect a residual hydrogen which comes off at 200°C to 


cannot 


be r¢ 


lated to one which fails to come off at 600°C 


from Dr 


that the diffusion constant drops below 


ik that some guidance mav be obtained 


ns observations 
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E 28-in. square forging in Ni-Cr—Mo steel showing hairline 
cracks 


what would normally be expected at about 200°C. At the same 
time as Dr Hobson’s first paper, Frank et al.6 published the 
results of permeability measurements at room temperature. 
They employed an analytical technique at the other extreme 
of complexity to that put forward by Shanahan and Cooke, 
involving the use of a mass spectrometer. They measured the 
rate at which hydrogen passes through a diaphragm when it is 
charged by an interesting technique of scrubbing it under 
water with emery paper on one side and measuring the hydro- 
gen coming through on the other, and measuring the rate of 
decay of hydrogen when this rubbing is stopped. They used 
essentially the same technique as Dr Hobson in analysing their 
results and comparing their experimental curves with the 
for the best fit of the 
experimental curves and obtained a diffusion coefficient from 


theoretical curves: They derived 7+ 
this value of r. 

They found that during the charging cycle the diffusion co 
efficient corresponds to the extrapolated value from deter- 
minations at higher temperatures, whereas the value during 
decay is a very much lower one. The latter is in very good 
agreement with Dr Hobson's, and it looks as though there are 
two mechanisms of diffusion going on. 

My colleagues who help me out with mathematics despise 
experimental science and refer to it as ‘plumbing’. They have 
suggested a very interesting ar logy which I find quite help- 
ful. Let us suppose (Fig.))) there are two tanks of different 
sizes, linked by a pipe of very small bore; the smaller tank (B) 
is filled through a large pipe and at the same time water flows 
out of it through an open tap of intermediate size. If we meas 
ure the outflow (corresponding to the hydrogen which passes 
through the diaphragm in the experiments of Frank and 
Swets) during filling (charging) the steady rate depends on the 
size of the tap. When filling stops, flow will continue at this 
rate until tank Bis empty ; from then on it will de pe nd on the 
pipe. 


Hobson's work hydrogen charging was done a very 


bore on the linkage 
In Dr 
long time ago, before the 


specimens were machined out of 


the forging, and irrespective of actual loss of hydrogen there 
has been time for equilibrium to be reac hed between different 


\ and B) 


onnecting link 


Thus Hobson measures the 
He finds that the 
hydrogen a little faster than the 


forms of hvdrogen (tank 


flow through the ¢ pressure 


charged specimens lose speci 


mens cut from forgings and this slight increase may be because 


immediately after charging most of the hvdrogen is st 
state corresponding to tank B. It mav be possible te 


results to estimate the relative sizes of the two tanks 


amounts of hydrogen present in two forms) 
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F Hairline cracking in 28 in. square block of 24° Ni-Cr-Mo 
steel 


The model based on the experimental results implies that 
A 


Z 


i 
hydrogen may be present in two states. State B can absorb iy J 
only a very small quantity of hydrogen but permits rapid Gieiaimaceper « Lars as 
diffusion; it might well correspond to hydrogen in the lattice. G Calculated distribution of hydrogen and observed values in 
State A can absorb virtually unlimited amounts of hydrogen, 4° Ni-Cr-Mo steel 
but diffusion is slowed down to the rate at which hydrogen 
particles (atoms, ions, protons) can transfer from one state to Mr J. Hewitt (United Steel Companies Ltd): I had the pleasure 
the other; it presumably corresponds to hydrogen associated of working with Dr Hobson in the field of hydrogen in low 
with lattice defects. The interferences are doubtless premature alloy steel and therefore saw the beginnings of his ideas on 
but they seem reasonable enough to justify a plea to the mathe hydrogen diffusion in large forgings. It was obvious in 1954 
maticians to help us in digesting Dr Hobson’s results. If the that the equations suggested, but not described in detail, by 
reduced mobility of hydrogen at room temperature is due to Sykes, Burton, and Gegg,! whilst being a major contribution 
the association of hydrogen with lattice defects, the diffusion at that time, did not explain the actual shape of the hydrogen 
rate at room temperature and the fact that hydrogen ¢ vapor distributions found in large forgings. The method which has 
ates from the defects at a temperature just below 200°C, may been evolved at United Steel Companies Ltd for calculating 
assist in an estimate of the binding energy and a reasoned hydrogen losses and distributions is essentially the same as 
guess at the nature of the lattice defects to which hydrogen is that described in the second of Dr Hobson’s paper It differs 
tied only in the method of allowing for change : on during 
heat-treatment, but en here in almost ¢ ‘ s the results 
would be the 


I can best contrib to t \ ng a few of 


Mr G. Langberg (Central Association of Ferrosilicon 
ducers, Norway): As a member of the Technical Committee o 


the Norwegian Ferrosilicon Producers, who initiated and finan 
our results which i val he meth eribed by 


Dr Hobson. The . an . rE, is part of 3 in. square 


‘ wina Ni O st \ ontaine airline cks 
conducted by Christensen and Gjermundsen, have been : ' : cracks, 


We , wid s&s , 1g conten , nl/100 g. Heat- 


ced the investigations into hydrogen in ferrosilicon, I should 


‘ + 


like to say that we are very pleased that these investigations, 


reported to the Annual General Meeting of the Institute 

. > of 80, which leads toar 

engaged in this research because we had heard from our friends , ‘ 
hops : drogen distribution show 

in the UK that there was great interest in hydrogen in steel, — ' 1 shown 

and we wished to make our contribution to the progress in ples obtained 

‘ following 


steelmaking which may be expected to result from a be 


tter 
knowledge of the subject 

In studying the paper I realize that there is more that we 
can do in this matter, 1 have in mind particularly 
the behaviour of the allovs when ved and ¢ xp sed to the 


air. I am certain that we ferrosilicor oducers will make our 


contribution to additional investigations. hope that 


Christensen will have an opportunity eal wi the n 


In this connection I would mentio t ire produ 


specially purified ferrosilicon with ve w total impuri calcu 


is available in the 75% grade and also in grade, different 
maximum of 0-1‘ / 
content. I have 1 
content, but it seen 

the air it will, I assume, 
ealcium, and 

moisture or 

2-3 ml of 

There was 

time exposed to t 

1-7 ml of H.O. We 


determinations. 
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re ee ee 

Ho Hydroge n distribution across 18-in. dia. ingot, as-cast 
From this, economics of vacuum casting may also be assessed 
The second example, Fig.G, shows the predicted and actual 
hydrogen levels found after six different heat-treatment « yeles 
on three casts of 4}°4Ni-—Cr—Mo steel rolled to 6}-in. dia. bars. 
different 
results 


The hydrogen analyses were carried out at two 
the 


sampling and hydrogen 


laboratories within the Company, so that also 
indicate the reproducibility of the 
determination. 

The third example shows the distribution in an as-cast 
18-in. dia. ingot which was examined for segregation effects 
(Fig.H). The centre samples were obviously porous. Several 
determinations of the actual value of the surface constant were 
made with excellent agreement with Dr Hobson’s value of 0-4. 
The agreement between the calculated and the actual results is 
good, though Lagree with Mr Russell that the mathematics allow 
quiteamargin oferrorand willstill produce thissortofagreement. 

My final example illustrates a rather surprising result which 
we obtained on a much more highly alloyed steel. We were 
interested in the speed of removal of hydrogen, at 650°C, from 
a 12% Cr-Mo-—V steel in the ferritic condition. We gave the 
steel a heat-treatment cycle designed on the basis of the 
Sykes, Burton, and Gegg,! diffusion coefficients to give a 
residual hydrogen level at the centre of about 40% (2 ml/100 g). 
The idea was then to obtain a correction factor for the effect of 
high alloy content. The results which we obtained are shown in 
Fig.J. Subsequent experiments of this type have confirmed 
that for all practical purposes the diffusion data at 650°C in 
steels, 0-792 cm?/h, can also be heat- 


on 12°4Cr—Mo—-V 
Turning to Dr Hobson’s earlier paper, there is obviously 


low-alloy used for 


treatment calculations steel. 
something happening below about 130°C and, as he has shown, 
the observed rate of loss of hydrogen at room temperature 
differs from that predicted from any of the diffusion rates of 
Sykes et al.,' Stross and Tompkins,’ or Geller et al.,* by a factor 
of between 40 and 100. This is very useful if we have to carry 
out hydrogen analysis, since it allows more time for sample 
preparation and so on, but it is difficult to understand why the 
rate suddenly changes. 

The migrating hydrogen atom has to (a) diffuse to the sur- 
the 
The loss of hydrogen from the 


(6) combine with a second atom at surface and 
‘ape from the surface. 
sample will be controlled by the slowest of these processes. It 
was at first suspected, therefore, that at room temperature one 
of the surface reactions was responsible for the observed delay. 
Dr Hobson dealt with this question by varying systematic- 
ally the diameter of his test-pieces. If a surface reaction is 
causing the slower rate of loss of hydrogen at room tempera- 
ture, the If the 


mechanism is a process of the diffusion type, the rate of loss 


rate should be a function of the diameter 


will be a function of the square of the diameter. His results 
show that the latter effect, indicating quite clearly that what- 
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Calculated and actual hydrogen distribution in 9 in. 
forging of 12°,Cr base steel 


dia. 


ever is happening at below 130°C the rate-controlling factor is 
an internal phenomenon. The effect of environment also 
suggests this conclusion. 

Another way of examining this problem is by internal frac- 
tion techniques. This involves measuring the fractional loss of 
energy per cycle in a freely vibrating metal. With sensitive 
equipment it is possible to measure the energy loss attributable 
to the hydrogen atoms diffusing. If the frequency of jumping is 
the same as the frequency of vibration of the bar, then the 
internal friction will be a maximum. In practice it is usual to 
hold this frequency essentially constant and to vary the tem- 
perature, that is, the speed of jumping of the atoms. At the 
temperature at which the peak occurs it is possible to show 
that a simple relationship exists between the frequency of 
vibration (f) rate (D), 
f=7-00 x 10! D. Our main internal friction apparatus operates 
at 35000 c/s, so that the peak should be found at the tempera- 


and the diffusion For «-iron this is 


ture where D=5-0 x 10-™ em?/s. From the equation of Sykes 
et al.’ this temperature is —220°C. From Dr Hobson’s data 
this is —78°C. 

We were unable to find any hydrogen interstitial diffusion 
peak after impregnating the sample with hydrogen by normal 
techniques (Fig.J). By special techniques we were later able to 
force some hydrogen into interstitial solution. We found no 
peak at —78°C, but a definite peak at —220°C (Fig.K). This 
shows quite definitely that the process being measured by 
Dr Hobson was not true interstitial diffusion. 

In our internal friction work we also found peaks caused by 
the interaction of hydrogen and dislocations. The activation 
energy associated with this process was 8-10 keal, i.e. about 
the same as the process measured by Dr Hobson below 130°C. 
I believe that the rate of loss of hydrogen from steels below 
130°C is controlled by the rate of escape of hydrogen atoms 
from dislocations and not by interstitial diffusion. This leads 
to the theory that hydrogen is precipitating on to dislocations 
at around 130°C and leads to some very interesting ideas. The 
full implications of the theory will be discussed in a separate 
paper. 

There Dr Hobson’s 
results and the precipitation theory in work carried out by 
Frank, Swets, and Fry,® using a thin dise of mild steel and a 


is further evidence confirming both 


mass spectrometer. Reference has already been made to this. 
They used a slight abrasion process in the presence of water to 
introduce hydrogen into the mass spectrometer. The calcula- 
tion of the diffusion coefficient was based on two different 
experiments, the first a steady-state flow method and the 
second an evolution method, similar to that of Dr Hobson. In 
the first the dislocations will have been saturated and the rate 
will be the true interstitial diffusion rate, while the second will 
measure the rate of escape of hydrogen atoms from dislocations 
(Fig. L). It is of interest to note that the line given by the decay 








, 
l 


Liquid nitrogen trial, hydrogen saturated | 
700 C stood 16h at 7a el ~4 


itm pressure at 


, hydrogen ler p> mlil00ad 


method on a cold-worked sample intercepts the int 


diffusion line at 130 ¢ 


Dr J. D. Hobson (Hadfields Ltd): I think that the 


Shanahan and Cooke on the carrier gas-technique for avoidi 


pape! 


vacuum techniques is probably a very useful 


contributior 


because the use of high-vacuum apparatus requires, as they 


skilled glass-blower and 


\ point w hi 


first obvious in glancing through their results is the rather hig 


gn 


have pointed out, the services of a 


cannot be used in a routine laboratory his not at 


blank rate with which they have to contend in their method 
blank 
Phis is very 


They say that the rate on the about 


0-3 mg/h. 


appar atus is 
high by vacuum heating standards. I 


calculate that their 0-3 mg/h on a 50 g sample in a test lasting 
an hour is equivalent to about 0-7 ml/100 g ,which is very muc! 
Our 


higher than on a good vacuum heating apparatus own 


gives a maximum of about 0-05 ml and can be brought down 
to 0-OL quite easily. 

One point which Shanahan and Cooke could have made, but 
have not, is that their method avoids the need for analysis of the 
gas. In the vacuum heating method the gas is rarely 100°; 


hydrogen; it is usually about 95°, and may be as low as 85 


By virtue of their chemical methods they avoid the need to 
analyse the gas; they determine the hydrogen autom itically. 
I am worried about the equation which they use in calculat 
Barrer, and his 


think, 


ing their theoretical curve, because it is by 


original paper refers to diffusion experiments on, | 


electrolytic hydrogen at low 


0-100°C 


temperatures, in the range 


Shanahan and Cooke, therefore, have done a wide 
extrapolation in calculating what the diffusion constant would 
be at 650°C 

Mr T. Gladman (Sheffield University 
the paper by Shanahan and Cooke and I decided that a little 
I used 
a technique for measuring the scatter of the results, using the 
first 


I am very interested in 


statistical investigation of their results might be useful 
which 
Table I for the known 


hydrogen and obtained a figure of 0-138 ml. If we calculate this 


standard deviation, is a measure of spread. | 
I 


analysed the results in volumes of 
to a sample weight of 50 g we find that the error in the analysis 
will be about 0-276 ml1/100 ¢g 


deviation is that we have to vary the limits of accuracy accord- 


One property of the standard 


ing to the certainty or reliability which is wanted of a particu- 


lar result. Statistically it is usual to take the 95°, probability 
I 


limits, which means multiplying the figure I have given by 


roughly 2, so that the actual accuracy of the determination of 


the volume of hydrogen will be of the order of 0-5 ml1/100 g. 


That applies to the figures in Table 1] 
In Table II I again measured the scatter of the 


results in 


terms of deviation of individual carrier gas determinations 


from the average of a given batch of determinations. In doing 
this we get a figure which can be compared with the previous 
one. This figure comes out at 0-6 ml/100 g, showing that there 
is very little difference between the accuracy of the determina 


tion of samples and the accuracy of determining known vol- 
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vydroqger 


sthod the 
given is 0-3 ml/l00¢g 
iod is much more ace 
Shanahar net but I 


relatively sin : be 


omparable 
This shows 
than the 
believe 
extren 
~asonable estime 
iven sample 
Professor A, G. Quarrell (Sheffield University 


a number of references in the discussion to the 


There have been 


difficulty of 


vacuum techniques. The metallurgists get away from 


sooner 


this idea the better; it 1s a very outdated attitude. Some of the 


errors which have been referred to in the Shanahan—Cooke 


method might be removed by going half-way between ordinary 


chemical technique and vacuum technique These authors 


would probably be much successful in reducing their 


more 
blanks by using modern techniques such as Dr Hobson em- 
ployed to collect his hydrogen from a large forging. If this 
technique were applied to the Shanahan-—Cooke continuous 
flow method and the apparatus were evacuated to 0-1 mm Hg 
before admitting the argon, this would be a very successful 
way of flushing out any motsture on the walls of the apparatus 
and so on before carrying out the determination and, of course, 
the simplest way of having a controlled atmosphere is to com- 
bine it with vacuum conditions. 

In non-ferrous metals the quantities of gases to be deter- 
much smaller than with steel and the tech 
difficult. The 


’ and used consider 


mined are very 


niques employed are correspondingly more 


method devised by Ransley at the G.E.( 


ably in the non-ferrous industry involves the baking of the 
whole of the glass apparatus is put 


apparatus before use The 


n an oven and all adsorbed gases driven off before doing a 


determination. It is not possible to use grease stoppers; the 


gla 3s has to be broken and a new seal made when the specimen 
is admitted. The order of the vacuum technique involved there 
is considerably in advance of anything associated with the use 


of the vacuum heating method for steel. Fourteen years ago 


that method was being used by laboratory technicians in the 


BNFMRA and 
that 


within a month of leaving school they were 
reliable results 
frightened of 
which is very much simpler now than it 


Although I think that the 


running apparatus and getting very 


Steelworks chemists, therefore, should »t, bye 
vacuum technique, 
was in those days carrier-gas tech- 
in steelworks probably it could 


of the 


nique is a useful one to have 
be improved if it were combined with some vacuum 
technique principles 

We should all be grateful to Dr Hobson for 


regard to the diffusion of 


elarifving 
larilying 


the situation with hydrogen at 


relatively low te -ratures. In introducing his papers he said 
something which should not be allowed to pass without com 
He said that we 


hvdrogen content to very low levels, but what he 


ment were not interested in reducing the 


meant was 
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L Diffusion coefficients after various workers 


that we were very interested in reducing the hydrogen content 
I hope that 
the method of calculation he used will be applied in steelworks, 


to very low levels but did not know how to do it 


because there are occasions when it would be a good thing if 
steelmakers were more familiar with the behaviour of hydro- 
gen in steel, and particularly with the difficulty of getting it 
out by any diffusion process. This is the most important aspect 
of Dr Hobson’s papers. 

The fact that it is so difficult to remove by diffusion not only 
concentrates our interest upon vacuum methods such as 
Mr Russell referred to but makes it essential that we should 
take into account any possible effect that hydrogen may have 
in steel. Most of us are familiar, in principle at least, with the 
effects of hydrogen in causing embrittlement and in bringing 
about hairline crack formation. I do not say that we under- 
stand them, but we are familiar with the phenomena 

Mr Russell referred to the importance of transformations in 
that 


I am glad that 


regard to hairline cracks and also mentioned hairline 


cracks occur frequently in areas of segregation 
he did this, 


effect of hvdrogen on transformations 


because it fits in with what I want to say about the 
This is an effect which 
is not so well known, but it is important, and it has an effect 
in welding. I submit that it is likely to play an important part 
in hairline crack formation. The work described by Kumar and 
myself has been followed up by further work by Mr Gladman, 
who chose to talk this morning about the statistical analysis of 
that he 


hydrogen on transforma- 


hydrogen determinations, whereas I thought would 


sav something about the effect of 


tions. | shall not atte mpt to go into much detail; there is not 


time. But what is now quite clear is that hydrogen can have a 


profound effect in which austenite transforis. 


on the way 


First, it can retain austenite to lower temperatures, and 


when the austenite transforms it may in certain ¢ ircumstances 


transformed matrix 1s bound to set up tensile 


transform very rapidly transtormation of austenite in a 


and this 
looked 


nfortunately 


stresses, 


may he igg action for have 


which some us 
{ 


airline crack formation. | 


(from some porn t view) this effect of hyadre« trans 


form: 


make 


wen on the 


ation vn nite is not some vbout which we can 


ger “pents. We e av ‘If hydrogen ts 


present 


temper: 


rapid 
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(i) General form of the graph of breaking stress or reduction 
in area against mean hydrogen content; (ii) the dotted line 
represents the properties after soaking in the austenite range 


and te mpering 


austenite, or transformation occurring in the form of a burst, 
as we have evidence that we do, this mav increase the local 
stresses, and this effect will be more likely in segregated areas, 
where in fact we do observe it. 

My next point is that, because of this, it is essential that we 
should know more about the effect of hydrogen on transforma 
tion. It is well known that the conditions under which trans 
formation characteristics are determined in laboratories are 
generally such that hydrogen is eliminated from the speci- 
mens, and the results of those determinations are then applied 
to large masses of steel in which it is quite impossible, as we 
have heard, to get rid of the hydrogen. It seems to me that 
those concerned with hairline crack formation in large forgings 
cannot afford to carry on with the conventional method of 
determining transformation characteristics but must deter- 
mine the transformation characteristics when hydrogen is 
present. 

Mr Hewitt referred to the link-up between hydrogen and 
dislocations. I missed some of his discussion, but I am sure 
that the distribution of hydrogen within steel is a very import 

As long ago as 1948, in the Internal Stress Sympo 
the Institute of Metals, 


that if they charged a specimen electrolytically under their 


ant factor 


sium of Andrew and Lee showed 
conditions they could get 2 ml/100 g in the annealed condition, 
but if they cold-worked the specimen and then charged they 
could get 22 ml/100 g. They linked this up with the probable 
dislocation density in the cold-worked material. It is also clear 
that dislocations must come into any picture that we are likely 
to get in the next few years of hydrogen embrittlement 

Here I should like to refer briefly to the work of Farrell on 
the embrittlement of high-tensile 120-130 


tensile strength. If we plot breaking stress or reduction of area 


steels of tons/in® 


against mean hydrogen content the curve is of the general form 
shown in Fig.M (i). 

For one of the steels the sharp bend is at 0-3 ml/100 g. This 
ly For 


electrolytically another 
steel the slope is much the same but the curve is more to the 


is when the hydrogen is put in 


right. This curve is applicable whether we test the specimen 
immediately after charging electrolytically or not. If, 


sav, we 
pecimens with | ml/100 g overnight we find 
that 


but the experimental plot of hydrogen content against reduc 


ypme of the 


leave s« 


the following day the ductilitv is more or less restored, 


tion of area still falls on this curve. In other words, the curve is 


applicable whether just after ring or after ageing at root 


charg 
With another of the 


nto the region along the lower part of 


temperature. steels advocated for use in 


this range, if we charge 


the curve and leave the specimen overnight, the ductility ts 


restored to a greater or lesser extent but instead of the points 


ning on this curve they come on a curve very much fur 


Phe 


properties contains almost as much hydr 


specimen, in ot 


to the her words, for the 


ven 

in 

wot » extreme 
rittiement 


not. With the 


hydrogen 


hydrogen ha 
been to lose 
second some hydrogen, 
ductility is restored 


expected from the re 





Finally, we have evidence that with these steels, which are 
so extremely sensitive to hydrogen put in electrolytically, if 
we soak in hydrogen if the austenite range and then temper, 
the properties come out in a straight line (Fig.M (ii)) and we 
can get 1 ml/100 g in without any embrittlement at all. If we 
put hydrogen in without tempering, the specimens are ex- 
tremely brittle. 

So often in discussing hydrogen in steel we tend to think of 
hydrogen in solution, whereas there are many ways in which 
it can be there and we have to take all these into consideration 
in devising any satisfactory treatment. Electrolytic charging 
is very relevant, because in the case of the ultra-high-tensile 
steels used for aircraft forgings and protected against corro- 
sion it is known that there can be severe embrittlement and 
that there can be failure under sustained loading in service, 
and it is clear that these are defects due to hydrogen. 

Reference made to the difficulty 
hydrogen can diffuse at room temperature. I refer to some of 


has been with which 


the early experiments in collecting hydrogen from specimens 
over paraffin or mercury. Hydrogen is obtained at the top if 
If the paraffin is 
saturated with hydrogen to start with, then hydrogen is ob 


tained. Specimens 2 


mercury is used but not if paraffin is used 


in. dia. and 2 in. long, which had been 
given various hydrogen treatments, were put under paraffin so 
that the hydrogen coming off could be observed. Generally 
there was a very steady flow of gas, but in the instance to which 
I am referring very little gas came off in the first few hours 
after quenching the specimen. A group of us at the other end of 
the laboratory heard a ‘ting, ting’ noise and went to see what 
was happening. We found that hydrogen was coming off the 
end of this specimen with such violence that it was lifting the 
inverted funnel and tinkling it against the end of a clamp stand. 
The other interesting feature, which may be a clue to the situa- 
tion, though I have no explanation for it, was that the gas was 
coming off in bubbles from the pit left at the end of the specimen 
during the turning operation. The specimen had not been 
turned absolutely flat and there was a tiny pit in the centre. The 
bubbles came from there. The level of the paraffin dropped sev 

eral ml in a couple of minutes. That is not contrary to anything 
that has been said, but it shows that it is very important to 
realize that it is not only diffusion that is important; if there is 
something which is providing a driving pressure the hydrogen 
can come out in that kind of way. This emphasizes the import 

ance of the metallurgical structure and properties 

Written contributions 

Mr J. H. Wright (Dorman Long and Co. (Steel) Ltd) wrote: We 
have recently installed apparatus similar to that described by 
Shanahan and Cooke. The results so far obtained are very 
encouraging, and generally confirm the authors’ conclusions. 
the difficulties 
(common to all methods of hydrogen determination in steel), 


Bearing in mind associated with sampling 
there has been no trouble in operation of the equipment and 
method. In our experience, however, the lowest steady blank 
obtainable was 0-5 mg/h of H,O, which corresponds with 
0-62 ml/h of H, at NTP. On the sample size mentioned in the 


paper (about 48-2 g) this blank corresponds to a hydrogen 
level of 1-28 ml/100 g of steel. In order therefore to raise the 
ratio of hydrogen evolved from sample to that arising as blank 
we have since used a sample 5 in. long and 3 in. dia., obtained 
by turning at slow speed on a lathe without using any cutting 
fluid. This gives a sample weight of about 126 g. The minor 
dimension of the sample determines the sweeping time re 
quired, so that the advantage of a larger sample is obtained 
without requiring an increased time for evolution of hydrogen. 
Using this increased size and weight of sample, the few results 
we have so far obtained on steel appear to be reliable and with 
in the anticipated range. 

Our that the 
provides a very useful alternative to the more expensive and 


view therefore is method and apparatus 
fragile vacuum extraction equipment, which has hitherto been 
required for this determination. We are interested to obtain 


opinions of other workers who have tried this method. 


Mr G. Padget (The United Steel Companies Ltd) wrote: The 


past few years have seen an enormously increased interest in 
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the effects and control of hydrogen in steel. The subject has 
developed from an interesting laboratory problem to one of 
routine day-to-day control on the works. 

The paper by Shanahan and Cooke, which deals only with 
the analytical determination of hydrogen, helps this ever 
growing field of research. I believe that, as with most useful 
things, its value is in its simplicity, it offers a simple, inexpen 
sive means of determining hydrogen with very little loss of 
accuracy. It has been shown in the past that it is not necessary 
to melt the steel in order to remove quantitatively and meas 
Indeed, 
certain real advantages over vacuum fusion. 
still 
niques as very much the concern of the specialist 


ure its contained vacuum heating has 
Many routine 
vacuum tech 
They 


most reluctant to become involved, and use as their excuse the 


hydrogen 


chemical laboratories however, regard 


are 
cost of vacuum pumps and the necessity for a high degree of 
glass-blowing skill, for the repair of broken apparatus 

Any laboratory that can determine carbon by combustion 
should now be able to determine hydrogen by the carrier-gas 
technique. This should result in an enormous increase in the 
facilities available for determining hydrogen in steel and this 
increase could not have come at a better time 

The problem of sampling both solid and liquid steel for 
hydrogen is not within the scope of the paper. It is, however, 
of and should be 
brought to the attention of any laboratory that has been per- 


a problem that must never be lost sight 


suaded to enter this field because of the simplicity of the 
earrier-gas technique 

This brings me to a major criticism of the present paper, 
namely, the reproducibility 
the paper as Table IT. I 


conclusion that the reproducibility obtained with the carrier- 


of values obtained and reported in 
have no quarrel with the authors’ 
gas technique is comparable with that obtained by vacuum 
heating. I would suggest, however, that these reported values 
do not do full justice to either technique. The trouble, I am 
sure, is in the sampling and not in the method of determina 
We are told 


positions at the centre of billets and slabs of various thicknesses 


tion that the samples were cut from adjacent 


up to 5—6 in 
In our experience adjacent samples taken from the centre of 
such blocks would be reproducible to within 0-2 ml hydro- 


and most values would be 
submit that the 
billet 


in two ways. This phrase should mean that all samples were in 


extreme ¢ 
100 g. I 


samples from the 


100 g in the IseS 


gen 


within 0-1 ml term ‘adjacent 


centre of a can be interpreted 


the exact centre of the cross-section of the billet and they were 


not taken too near to the end of a billet that has been cut 


whilst hot or been allowed to stand for some time before 


sampling 

The values reported in Table II 
scatter which, I suggest, reflects the hydrogen distribution in 
the 


being adjacent were not all taken along the same axial line. 


indicate a fair degree of 


vicinity of the centre line and that the samples, whilst 


Authors’ replies 


Dr Hobson: I do not agree with Mr Russell’s suggestion that a 
straight line would fit the experimental points in Fig.5 of my 


second paper better than the theoretical curve shown, especi- 
ally if the extra results which were shown in Fig.B are taken 
No doubt 


statistical analysis, but there seems little point in 


into account. the question could be settled by 
using an 
incorrect approximation when the true form of the theoretical 
curve can readily be obtained. He makes a valid point in say 
ing that the variations in surface factor should take account of 
the dimensions of the forging. I was aware of this point, but 
I feel we have not yet accumulated enough results to make 
further subdivision practicable. The experimental points do 
3and H=7. 


Mr Russell quoted anomalous hydrogen results in samples 


lie mainly in the expected band between H 


from chemical process vessels. In a similar example I encoun 
tered, a specimen from an ammonia synthesis vessel gave an 
apparent hydrogen content of 70 ml/100 g on vacuum heat 


ing, but no gas was evolved when the sample was stored 
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over mercury at room temperature. Subsequently it was found 
by drilling under mercury that the specimen contained large 
diffusible 
hydrogen and recovered during analysis by vacuum heating. 


volumes of methane, which was dissociated to 

His comment on the use of the planimeter as a radial 
instrument is correct. When used in the way described in the 
paper one measures the circumferential equivalent length of a 
line proportional to both time and diffusion constant as affect- 
ed by temperature, that is the function kt. The term kt/h is, as 
he points out, the diffusion constant given in units of cm?/h to 
avoid numerous decimal places in the calculations. I regret 
that these points were not stated more clearly. I am not sure 
that the condemnation of the use made of the dimensionless 
parameter 7 is justified, since the diffusivity is not assumed 
a constant as Mr Russell suggests. 

If he had objected to the addition of + values for different 
diameters during forging, I would have agreed that this does 
involve the neglect of small changes of the surface factor H 
during forging; however, 7-forging is usually quite small com 
pared with r-annealing, so that the error is not serious. I would 
agree that hydrogen is only one of the factors important in 
hairline cracking, but since no rotors to which this type 
of calculation have been applied have subsequently cracked, 
and we have insufficient hydrogen data on forgings which have 
not been calculated, I am unable to reply to his enquiry on the 
connection between forgings rejected and hydrogen removal. 

In reply to Dr Sachs, I still think the differences in diffusion 
rates in different media shown in Fig.6 of the first paper are no 
greater than I have found for repeated tests under similar 
conditions, as shown in Fig.7 and Table IV for example. I have 
read the paper of Frank et al.* and agree that diffusion rate 
appears to depend very much on whether the sample is being 
charged while the measurement is made. The object of 
our experiments was to obtain results with the possibility 
of only one surface available for reaction, instead of the two 
present in diaphragm experiments. Mr Hewitt’s approach 
using internal friction is even better since surface effects are 
His contribution is 
interesting and it is gratifying to have examples showing such 


eliminated during measurement. most 
excellent agreement between theory and practice. His diagram 
showing the hydrogen distribution in a cracked forging is in 
line with our own experience. We find that a smooth distribu- 
tion in the uneracked outer layers becomes very scattered in 
the cracked zone, and the scatter is a very good indication of 
the limits of the zone. I was surprised to see the results on 
12°.Cr steel, since our room temperature results with a similar 
steel have suggested that large alloying additions cause a large 
fall in diffusion constant. We think that 
some reduction in diffusion rate in 3° ,Cr—-Mo steel at about 


also there is 


600°C when extra carbide-forming alloying elements are added 


to improve creep resistance. However, the bulk of our work has 
ordinary 3°,Cr-Mo 


centred on 
deal 


calculation to other steels 


steel, and obviously a 


great more remains to be done to apply 


Dr N. Christensen: Only one question has been raised on our 
paper, namely, whether the water vapour in the extracted gas 
content. We think it 


should not in the case of ferrosilicon, because a simple thermo- 


should be included in the hydrogen 
dynamic calculation shows that it is impossible for hy lrogen 
to react with silica to give water vapour at the temperatures 
under consideration. 

\s to the observation made by Dr Sachs, that CO and CO, 
cannot easily escape through millseale, we have observed a 
similar effect with mild ster ] weld metal samples ° Che experi 
mental temperature coefficient of the rate of reaction between 
carbon and surface oxide layers is less than predicted from the 
heat of diffusion, thus indicating some process at the surface 


as a controlling factor 


Mr F. Cooke: I thank Mr Russell for his comments and would 


agree that the Karl Fischer end point is much more suitable 


than the gravimetric method enables a continuous 


since it 


check to be carried out on the rate of evolution. The gravi 


metric method is of use as an alternative technique in labora 
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this type of 


tories where equipment for the Karl Fischer determination 
is not available. We have not used the Karl Fischer reagent 
below a concentration of 1 ml =1 mg water. It may be possible 
to use it at a half of this concentration but no experimental 
work has been done on this. The question relating to the 
weight of sample was answered by the additional information 
on determinations carried out on 15-g samples given when the 
paper was presented. 


Dr Hobson referred to the high blank rate. We have been 


unable to reduce the blank below 0-3 mg/h and at the present 
do not know the major contributing factors. With respect to 


the value of the diffusion coefficient which has been used given 
by the Sykes, Burton, and Gegg equation. The calculated 
650°C this 2-18 » 
10-4 em*/s but there are a number of values quoted in the 
We used the value of 
10~* caleulated from Barrer’s equation. 


value at given by equation is 
literature ranging from 0-9—-2-7 « 10-4, 
1-09 

If the Sykes value of D were used in calculating the theo- 
retical evolution curve the time for 99% evolution would be 
reduced by a half, i.e. to 24 min. There is a 10-min lag in heat- 
ing up the sample and the actual time for 99°, evolution in this 
case would be about 34 min. 

Although the point is not brought out in the paper; as 
Dr Hobson Karl Fischer finish has the 
advantage that it directly measures the hydrogen evolved. 


mentions, the 


Mr Gladman has commented upon the standard deviation of 
the results given in Table I for the measurement of known 
volumes of hydrogen. This standard deviation will include the 
error involved in the measurement of the gas volume and 
therefore is not a direct measure of the experimental error of 
the carrier gas method. Similarly the standard deviations 
calculated from the results obtained on steel samples will 
include the deviation due to the variation in hydrogen content 
of the samples. It is for this reason that we compare averages 
rather than individual values. 

We intentionally avoided the use of vacuum equipment but 
Professor Quarrell may be correct in assuming that evacuation 
of the equipment would lead to a reduction in the blank. I 
would confirm that it is possible to train young laboratory 
assistants in the use of vacuum equipment but it is the main 
tenance of the equipment which is troublesome. 

Mr Padget in a 

, 


position of the samples in the slab section. In all cases the 


written contribution had referred to the 
samples were cut from the area surrounding the centre of the 
section, and not along the axial line of the centre. The values 
obtained for the hydrogen contents therefore reflect the varia- 
tion in hydrogen between the centre and edge of the section as 
Mr Padget suggests. 

Mr Wright's written comment on the use of the method in 
his laboratory is of interest in connection with the blank rate 
of evolution. As was previously mentioned the major con 
tributory factors to the blank are not known. It is possible that 
there may be traces of hydrocarbons present in the ‘white spot’ 
nitrogen used but recent attempts to reduce the blank by 
passage of the gas successively through copper oxide (Arniel 
catalyst) at 550°C, soda asbestos, and Anhydrone, before entry 
into the furnace have not been successful. 
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S TA L in English 


Number 6 (June 1959) of the cover-to-cover translation of the Russian journal Stal’ 
has been published, and subsequent issues should appear at about monthly intervals. 
Contents of no.7 are given below. Full details of subscriptions to Stal in English are 
available from the Secretary of The [ron and Steel Institute. 


No. 7 Wall deformation during expansion tube drawing 
IRONMAKING Activated lubricants for cold rolling stainless 
Properties and production of pellets mad Conference on the theory and practice 


rolling of steel tubes 


concentrates 
Automatic control of the blast-furnace process using analogue 
computers METAL SCIENCE AND HEAT TREATMENT 
Smelting low-manganese iron at southern v < Properties of A1l2A steel deoxidized with aluminium 
Increased life of blast-furnace charging equipmen External crack formation in an ingot during hot deformation 
Modernization of a sintering-machine exhaust Assessing the quality of alloys for electric heaters 
Influence of the rolling process and carbon content on the 
STEELMAKING properties of deep-drawing steel killed with alumin 
Production and properties of BSti5pe Bessemer capped steel 
Discussion on the change in the open-hearth performance ECONOMICS AND ORGANIZATION 
index Influence of the equipment of open-he arth shop 
Discussion on the method of determining 1 r ive _ indice 
capacity of open hearth furnaces 
FOUNDRY PRACTICE 
ELECTROMETALLURGY Influence of the construction of semi-permanent casting boxes 
Alloying of austenitic chrome—manganese steels with nitrogen on the life of ingot moulds 
Alloying steel with nitrogen using organic agents The position of the joint of the casting box of semi-permanent 
moulds 
ROLLING AND TUBE PRODUCTION 
Discussion on the dispatch of rolled products by theoretical POWER AND PLANT 
weight Gas-turbine installations for the utilization of 
Increased life of continuous thin-sheet mill rolls Dehydration and utilization of sludges at 


Specialization of continuous rod and small-section mills installation of the Kuznetsk combine 


News of Special Reports 


Two new volumes have recently been published in the Institute’s Special Report 
Series, and may be obtained on application to the Secretary. 


Precipitation Processes in Steel is the title of no.64, which is a and Steel Engineers Group held in Amsterdam in April 1959 
full report of a meeting held in Sheffield in July 1958, and Following an authoritative survey of the world iron-ore situa 
organized by the Department of Metallurgy of Sheffield Uni tion by Mr C. R. Wheeler, c.B.£., there are a number of papers 
versity. Sixteen papers by leading workers in this field, from dealing with various aspects of the subject. The installations 
Belgium, France, Germany, Sweden, the UK, and the USA the port of Rotterdam and IJmuiden in Holland, at 
were presented. They were divided into four groups, covering ontre ur and Seven Islands, Canada, and at Margam and 
precipitation in ferritic steels, precipitation in austenitic steels, al South Wales are described in a series of papers. 
intergranular fracture in steels, and precipitation during creep “h san excellent survey of unloading facilities in the USA 
These papers are printed in full in the report, together with the a anada by Dr H. R. Mills of BISRA, and Mr T. V. 
lively and informative discussions at the meeting. There is Nicholson of the BTC contributes an account of the rail 
ittle doubt that this is the most valuable book published in transportation of iron ores in the UK. In addition, there are 
recent years on precipitation processes in alloy steels, a vitally papers on crushing, screening, handling, and blending plant 
important subject today, when alloy steels are required for a for iron ores. 

great range of new applications. Report no.64, costs £4 48 Od (£3 38s Od to members of the 


Special Report no.65 is entitled Handling and Treatment of Institute) and report no.65 cx £3 58s Od both to members 


st 
Tron Ores, and is a report of the meeting of the Institute’s Lron and non-members. Postage is ls. 
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The Iron and Steel Institute 
The Institute of Metals 


The production of silicon-iron magnetic strip 
with (110) [001] texture by cold rolling from 
sintered compacts 


E. V. Walker and Miss J. Howard 


INTRODUCTION 

THE VALUE to electrical engineers of silicon-iron strip 
with the (110) [001] texture lies in the fact that silicon 
iron is most easily magnetized in the [O01] direction, 
so that improved properties in the direction of rolling 
can be developed in oriented strip. 

The material was first produced more than 25 years 
ago by Goss.! The (L10) [001] texture is developed only 
after secondary recrystallization has taken place.* 

Recently the production of strip with the (100) JOO} 
texture has been reported .$ S 

Although there have been many papers and patent 
specifications published on silicon iron with the (110) 
[OOL] texture, none until recently® has given any pre- 
cise information on involved in its 
control 


the mechanism 


The work described in the present paper was under- 
taken as part of a research programme concerned with 
the production of high-grade soft magnetic strip by 
rolling from sintered compacts 


PREPARATION OF THE SINTERED COMPACTS 
To ensure a high degree of purity of the final product, 
the iron powder used was Mond carbonyl iron (grade 
MCP) and the silicon was of 99-9°, purity. All com- 
pacts, as pressed, contained 96-75°,, iron powder and 
3°25°, silicon. The two powders were mixed in batches 
of 100 g by grinding with a porcelain pestle and mortar 
for 10 min, and each batch was pressed dry at 25 
tons/in? into a block measuring 3 in. 1 in. 0-4 in. 
The blocks were presintered at 300°C in a fairly 
rapid flow (20 1./h) of hydrogen whose dewpoint was 
65°C as it entered the furnace. Deoxidation of the 
compact caused the dewpoint of the gas emerging from 
the furnace to rise to about 0°C. Presintering was con- 
tinued until the dewpoint was restored to 65°C 
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SYNOPSIS 

It is shown that secondary recrystallization and develop- 
ment of the (110) [001] texture in 34% 
can be obtained by control of the oxygen content of the 


silicon-iron strip 
hydrogen sintering atmosphere. The conditions required 
are described. 

The sintered compact is then cold rolled according toa 
schedule used for rolling grain-oriented silicon-iron from 
a cast ingot. 

It is found that the temperature of secondary recrystal- 
lization is higher than that for conventionally made strip. 

It is suggested that a critical amount of silicon is 
oxidized to silica during sintering and that this silica 
acts as a dispe rsed phase in the inhibition-de pe ndent 
mechanism known to be responsible for secondary ré- 
crystallization. 

In an appe ndix, an account is given of a short X-ray 
method for checking the texture of the silicon-iron strip. 

1799 


when the temperature was raised to 1050-1 250°C and 
the dewpoint controlled at between 0° and 40°C 
(according to the requirements of the experiment). At 
the same time the flow rate of the hydrogen was 
reduced to about 4 |./h. Sintering was carried out for 
12 h. Presintering at 300°C does not remove all oxygen 
from a compact. Additional moisture is evolved by 
holding it at 600—700°C for 2 h. 

To control accurately the degree of dryness of the 
hydrogen, it was necessary to close the ends of the 
furnace tube by metal fitments incorporating rubber 
O-rings and to lead the gas to and from the furnace in 
PVC or metal tubing; rubber tubing could not be used 
because it was pervious to the surrounding air. 

The hydrogen was first purified and dried by passing 
it over a catalytic deoxidizer and through an activated 
alumina drier. It then contained moisture equivalent 
to a dewpoint of —65°C. Hydrogen of different degrees 
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TABLE | Details of rolling schedule 





Thickness of 


material, in. 


1 Vy pe of 
rolling mill 


Approx. reduction 
per pass, in. 





0-38-0-22 2-high with 8-in. dia. rolls 0-02 

0-22-4 9 - o o *” 0-01 

Heat-treatment for 12 h at 1050 ¢ 
2-high with 8-in. dia. rolls 0-o] 
2-high with 5-in. dia. rolls 0-004 


0-06 
060-03 


Heat-treatment for | h at 800 ¢ 
2-high with 5-in. dia. rolls 002 
4-high with 1-in. dia. rolls 009 


O38 O-O18 
OLS 0-004 





of dryness was obtained by bubbling this gas through 
glycerine and water solutions of appropriate composi- 
tion. The dewpoint of the hydrogen was measured as 
the gas left the furnace, an apparatus based on the 
principle of Regnault’s hygrometer being used. 

The compacts showed an approximate shrinkage by 
volume of 20°, and 30°, when sintered at L050° and 
1150°C respectively, the dewpoint of the sintering 
atmosphere being about —20°C in both cases. 


DEVELOPMENT OF (110) (001) TEXTURE 
Compacts sintered at 1050 C 
Preliminary experiments 


In some preliminary experiments compacts 
sintered for 12 h at 1050°C in hydrogen whose dew- 
point was —30°C, After applying a suitable rolling and 
heat-treatment schedule, strip (0-OL3 in. thick) was 
produced which after annealing at 1350°C had 
developed secondary recrystallization having the (110) 
(OO1] texture. The initial permeability, however, was 
rather low, so the experiment was repeated under the 
Same processing conditions except that the hydrogen 
atmosphere employed during sintering had a dewpoint 
of —60°C, The object of using a lower dewpoint was to 
obtain greater purification of the compact and thus 
higher initial permeability in the final product. The 
result of this experiment was that, although the initial 
permeability was improved, secondary recrystalliza- 
tion did not develop and the grains were of random 
orientation. The latter fact seemed to indicate that the 
dryness of the atmosphere used during sintering was 
significant in developing secondary recrystallization 
and the (110) [O01] texture. The effect of the dryness 


were 


of the sintering atmosphere on the development of 


secondary recrystallization was, therefore, investi- 
gated in more detail. 


Pea gee i _ 


Macrostructure of 0-013-in. with (110) [00] 


(b) random orientation I 


strip 


texture, 


97 


2 Macrostructure of (1/10) {001 


lb) random orien rT 1 


0-004-in strip 


Pre paration of strip 


Compacts were sintered in hydrogen of various degrees 
of dryness corresponding to dewpoints of — 10°, —20°, 

30°, and —40°C. They were reduced to strip by cold 
rolling according to the following schedule 

(i) roll to | in. 

(ii) anneal for 12 h at 1050°C in hydrogen (dew- 
point —65°C). This step is subsequently referred 
to as soaking’ 
roll to 0-030 in. 
anneal for | h at 800°C in hydrogen (dewpoint 

65°C) 

v) roll to 0-O13 in. 

(vi) anneal for 12 h at 1350°C in hydrogen 
point 40 C) 

(vii) roll to 0-004 in. 

(viil) anneal as in (vi). 

The properties of the final product are not affected 
by the value of the dewpoint at stages (iv), (vi), and 
(vill): equally good results have been obtained with 
hydrogen saturated with water vapour as with very 
dry gas. Further details of the rolling schedule given 
above are listed in Table L. 

The edges and ends of the bar were ground square 
periodically during rolling. This treatment enabled 
strip to be produced with smooth edges free from 


dew- 





oe 


TTT rrTy “y" 


T 


T 














with random 


@strip 


texture 


orientation, with (100) 001) 


O strip 


3 Relation between temperature of anneal and grain size 
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TABLE 1! Orientation measurements on annealed 0-013-in. 


strip 





Maximum deviation of {100} poles in 
the (110) [001] texture 
from RD 


Dewpoint of sintering 
atmosphere, ; 
°C from RP 





-10 Mixture of (110) [001] and random 
orientations 

20 10 12 

30 12 10° 

40 Random orientation 





cracking. The mill referred to in Table I as a 4-high 
with 1-in. dia. rolls has been described fully elsewhere.’ 
In rolling on this mill a tension of 170 Ib was applied to 
the strip. 


Examination of strip 

Examination for the development of preferred orienta- 
tion was carried out on the annealed strip at thick- 
nesses of 0-013 in. and 0-004 in., i.e. at stages (vi) and 
(viii) of the processing schedule given previously. (The 
strip was rolled to these particular gauges because 
they are useful to electrical engineers.) 

The surface of the strip was rubbed with grade 1G 
Hubert paper and etched in a solution containing 
15 ml HF, 25 ml HNO,, 15 ml CH,COOH (glacial), 
and 250 ml H,O. Figures | and 2 show the appearance 
of the macrostructure of 0-013-in. and 0-004-in. strip 
respectively (a) when the (110) [001] texture develops, 
and (6) when the orientation is random. 

Figure 3 shows the relation between grain size and 
annealing temperature when primary and secondary 
recrystallization takes place in the 0-013-in. strip. It 
will be seen that secondary recrystallization occurs 
provided the temperature is above ~1 100°C. 

As the crystals in the 0-013-in. strip were large, the 
texture of the material was examined by measuring 
the orientation of 20 crystals with an optical gonio- 
meter from etch pit reflections. The smaller crystals in 
the 0-004-in. strip were examined by the X-ray 
method described in the Appendix. The crystal size 
makes a full X-ray determination of the texture very 
laborious but a quick and convenient check was made 
by restricting the information to establishing the dis- 
tribution of {100} poles about the rolling direction, 
which is the significant orientation factor in the per- 
formance of magnetic cores in which the flux flows 
only in the direction of rolling, e.g. as in ‘clockspring’ 
cores 

When preferred orientation developed in the 0-013- 
in. strip, the optical goniometer measurements showed 
it to be of the (110) [001] type. Further details of the 
measurements are given in Table IT. The results of the 
tests on the 0-004-in. strip are given in Table ITI. 

The results confirm the indication obtained from the 


TABLE Ill Orientation measurements on annealed 0-004-in. 


strip 





Dewpoint of sintering 
atmosphere, “¢ Orientation 





10 Mixture of £100\'’well aligned in 
random orientations 
100) well aligned in RD! 


Random orientation 
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TABLE IV Total loss measurements 





W/lb (B 


non-oriented strip 


Frequency, lotal loss T, - 15000 G) 


c/s oriented strip 





50 0-6-0 
400 6-9-9 
2400 84-1 


1-7 
13- 
-—138 


( 


ll 


0 


l 


1 
12 
l 





preliminary experiments. They suggest that the for- 
mation of silica is playing a part in the development of 
secondary recrystallization and the (110) [001] texture. 

It has been found that provided the (110) (001) 
texture has been developed in 0-013-in. material, it is 
not necessary to anneal the 0-004-in. strip at 1350°C to 
obtain the desired texture in the thinner material, e.g. 
a temperature of 1050°C is satisfactory. 


Compacts sintered at above 1050°C 

To improve homogeneity and purity of the final 
product some compacts were sintered for 7-10 h at 
five temperatures between 1 100° and 1250°C with the 
dewpoint of the protective atmosphere controlled at 
various values, no presintering being given. The com- 
pacts were processed to 0-013-in. strip (according to 
the schedule given on p.38), soaking at } in. being 
carried out for 12 h at 1050°C with the dewpoint of 
the hydrogen at —65°C. 

In Fig.4 the sintering temperature is plotted against 
the dewpoint of the protective atmosphere, together 
with an indication as to whether the (110) [001] 
texture or random orientation was produced. The 
graph shows that as the sintering temperature is raised 
a rise in dewpoint is needed if secondary recrystalliza- 
tion and the (110) [001] texture are to be produced. 
This is in accordance with the known facts about the 
oxidation of silicon in moist hydrogen and gives 
further support to the suggestion that silica is playing 
a part in the development of secondary recrystalliza- 
tion. 


IMPURITY CONTENT OF STRIP 

Carbon, sulphur, and nitrogen contents were deter- 
mined on strip at 0-013 in. and 0-004 in. in the cold- 
rolled condition and after annealing at 1350°C for 12 h. 
The contents were very small in all cases, no purifica- 
tion appearing to take place in processing cold-rolled 
strip at 0-013 in. to 0-004 in. after annealing. Typical 
impurity contents, °%, were: 
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The determination of oxygen content of a sample of 
cold-rolled strip at 0-013 in. which on annealing at 
1350°C was known to develop the (110) [001] texture, 
was kindly undertaken by the GKN Group Research 
Laboratory. A content of 0-05° , was reported with the 
remark that the oxygen present practically 
entirely as silica. 


was 


MAGNETIC PROPERTIES 

Small cores of the ‘clockspring’ type of 1 in. outside dia. 
and 0-5 in. inside dia. were wound from cold-rolled 
strip } in. wide and 0-004 in. thick. The strip had been 


processed according to the schedule given previously 


(p.38), except that the }-in. bar was rolled to 0-02 in. 
instead of 0-03 in. Before winding, the strip was 
coated on both sides with magnesia powder to act as 
an insulant between turns. The cores were annealed at 
1300°C for 10 h in dry hydrogen. Measurements for 
total loss were made at three frequencies. Typical 
results are given in Table IV together with those for 
cores made from strip with random orientation. 


DISCUSSION 
The preceding results have shown that (a) develop- 
ment of secondary crystallization and the (110) [001] 
texture in strip is dependent on the moisture content 
of the furnace atmosphere used during the sintering of 
the compact, and ()) as the temperature of sintering is 
raised the moisture content of the furnace atmosphere 
needs to be raised if secondary recrystallization is still 
to be obtained. The latter observation is in accordance 
with the thermodynamics of the oxidation of silicon in 
moist hydrogen. 

It is suggested.* therefore, that when the conditions 
of sintering are correct for the development of 
secondary recrystallization, a critical amount of silicon 





* British Patent Application No.8126/59. 


6 Diagram of texture camera 


is converted to silica and that when the 0-013-in. strip 
is annealed at 1350°C this silica acts as a dispersed 
phase in the inhibition-dependent mechanism known 
to be responsible for secondary recrystallization.* 

So far no evidence has been found under the optical 
microscope to support this suggestion. Particles of 
silica can be seen in the microstructure (see Fig.5) and 
these are less abundant in strip which shows random 
orientation after annealing at 1350°C. However, there 
appears to be no reduction in the amount of silica 
present after secondary recrystallization has taken 
place. This is contrary to what would be expected if 
these particles were acting as an inhibitor. It seems 
possible that the silica particles that are actually 
responsible for secondary recrystallization are so finely 
dispersed that they are invisible under the optical 
microscope. Cases such as this are recorded in the 
literature, e.g. the grain coarsening of low-carbon steel 
that has been deoxidized with aluminium and 
annealed above the Ac, temperature.® 
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APPENDIX 


A short X-ray method for checking texture of silicon-iron strip 
D.C. Shotton 


The texture of metal samples is often determined by the X-ra 
diffraction method in which about a dozen separate exposures 
are made with the sample tilted in different positions and the 
resulting patterns are measured to establish a stereographic 
The utility this 
dependent on the grain size of the material. In 


projection and convenience of method is 
critically 
oriented silicon-iron specimens of the type studied here, about 
500000 grains must be irradiated to give a satisfactory pattern 
and if the crystal size is not very small, large areas of sample 
must be scanned in which 


apparatus moves the sample 


through the beam at constant inclination. This can increase 
the time of testing considerably since each part of the sample 
requires adequate exposure. 

The fundamental difficulty is that with a stationary sample 
in a parallel beam only the very small fraction of the crystals 
which are inclined at the Bragg angle will give reflections. The 
proportion is increased by oscillating the sample through a few 
degrees, though this introduces a corresponding ambiguity of 
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the reflecting position. The uncertainty is clearly confined to 
angles normal to the rotation axis and does not affect the axis 
itself. If the sample is rotated through the full 360° a sub 
stantial proportion of the crystals will pass through the 
reflection position and the X-ray pattern will resemble a fibre 
texture pattern in which only the inclination of planes to the 
rotation axis is recorded. 

When the effect of preferred orientation on the magnetic 
properties of the silicon-iron strip is examined, it is found that 
the inclination of {100} poles to the direction of magnetization 
is the predominating factor and the erystallographic planes 
normal to this direction are much less important. The short 
X-ray method for checking preferred orientation of silicon-iron 
samples is therefore based upon continuous rotation of the 
sample about the intended magnetization direction which is 
the rolling direction of the strip. In the stereographic projec 
tion the pole figure is normally assumed symmetrical about 
the rolling direction (RD) and the transverse direction (TD) 
but in general the spread about RD and TD does not corre 
spond. In many of the samples of silicon-iron examined the 

100; pole figure is elliptical rather than circular about RD 
(see e.g Table IT) and the short X ray method records these 
areas as circular about the major axis of the ellipse but as the 
eccentricity is small this is an acceptable simplification. The 
inclination of the other {100} poles to the TD (and hence the 
identity of the plane lying in the surface of the strip) is com 
pletely lost in the rotation so that (110) [001), (100) [001], and 
(210) [OO1| textures are indistinguishable. Adequate assurance 
that (110) [OOL| texture was present has always been obtained 
from other evidence but some tests have also been done using 
specially cut samples which were rotated about the TD to 
confirm the identification 

The apparatus is shown diagrammatically in Fig.6. The 
sample strip (3 in 0-25 in 0-004 in.) is mounted on a 
horizontal shaft and is rotated at 4 rev/min. Even with 360 
rotation scanning is still necessary and is accomplished by 
fitting the shaft with a lead screw which translates the whole 
length of the strip through the X-ray beam during the exposure 
time of about 90 min. Hard (Ag) radiation is used to minimize 
absorption effects and the axis of the shaft (i.e. the RD) is 
turned (950 600) to the beam so that the {100} reflection circle 
passes through the RD pole.'’ In addition to giving maximum 
sensitivity for preferred orientation determination, with this 
arrangement the angle subtended by the {100} are at the 
centre of the pattern on the film gives the spread of ©100 
about RD directly. Typical films are shown in Fig.7. The use 
of full radiation is preferred, in spite of the confusion it can 
sometimes produce, because the white radiation reflected from 
{110} planes gives ‘spokes’ in the pattern which are useful in 
showing weak textures not readily distinguished with the 


100; ring 


The equipment has been successfully used to give a quick 


test of many samples of thin (0-004 in.) silicon-iron strip 
during the last 2 years. It is unsuitable for 0-013-in. or thicker 


specimens owing to their heavier N-ray absorption 
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THE IRON AND STEEL 
INSTITUTE 


President-Elect 


It was announced at the Autumn General 
Meeting on 2 December that Mr W. F. Cart- 
wright, M.1.MECH.E., had been nominated for 
election as President of the Institute for 
1960-1, to take office at the Annual General 
Meeting. 

Mr Cartwright, who is assistant managing 
director and general manager (steel division) 
of The Steel Company of Wales Ltd, joined the 
Institute in 1936, and was elected a member of 
Council in 1946, the same vear in which he 
became first chairman of the [ron and Steel 
Engineers Group. He became a vice-president 
in 1955, and was awarded the Bessemer Gold 
Medal in 1958. 


Changes on Council 


Mr G. H. Johnson, who has retired from the 
post of managing director of the Kettering 
Iron and Coal Co. Ltd, has been appointed an 
honorary vice-president of the Institute. 

Mr P. E. Holloway, a director of the Lan- 
cashire Steel Manufacturing Co. Ltd, has been 
elected a member of Council in succession to 


Mr Johnson. 


Acting Honorary Treasurer 


During the absence abroad of the honorary 
treasurer, Sir Julian Pode, Mr W. F. Gilbertson 
served for several weeks during November and 
December as acting honorary treasurer. 


Annual General Meeting 1960 
The Annual General Meeting is being held in 
London on Tuesday to Thursday, 3-5 May 
1960. Th will include a sym 
posium on wide strip production. The dinner 
for Members will be held at Grosvenor House 
on the evening of Wednesday, 4 May. 

lhe full programme will be published in the 
Journal shortly 


programme 


Abstract and Book Title Index Card Service 


The Journal contains each month about 750 
abstracts of technical papers drawn from 
about 1000 journals and reports published in 
many languages 

The importance of keeping abreast of the 
latest 
generally 
creasingly hard to do so because of the growing 


advances in science and technology is 


recognised, but it is becoming in 
volume of published information, its increasing 
complexity, and the mounting difficulty of 
organizing its prompt reception and applica 
tion. 

In order to available to 
users more quickly and in a form more suitable 
for indexing than the printed abstracts section 
of the Journal, the Institute 
ABSTRACT AND BOOK TITLI ‘ 

The service will consist of pre-publication 
copies of all abstracts, together with titles of 
new books, due to be published in the Journal. 
It has begun with the abstracts due for publi- 
cation in the present issue, and will continue 
regularly. The book titles will 
continue to be published in the Journal. 


make abstracts 


is Inaugurating an 
INDEX CARD service 


abstracts and 


3in. 
size), sent to 


The new service will take the form of 5 
ecards (the international library 
subscribers fortnightly, arranged and packed 
in alphabetical order of authors’ names. 


NEWS 


technical 
covered 


abstracts of 
titles 


Approximately 9000 
articles and 500 book 
each year. 

Details of subscription rates may be ob 
tained on application to the Secretary. 


will be 


r-W.F Cartwright, President-kle 


NEWS OF MEMBERS 


The President (Mr W 
elected an 
African Institute 


ending 30 June 


has been 
honorary member of the South 
of Mining and Metallurgy for 


1960 


sJarr, O.B.I 


the vear 
Mr F. T. Bagnall has retired from the post of 
of nos.2, 3, and 4 melting shops at 

Ltd; he 


Stee 


manager 
Samuel Fox and Co 
United 
consultant on electric melting 
Mr W. H. Bailey has 
technical director of Je 
Mr A. C. Bird 


Davy 


ontinue te 
Ltd as a 


will « 
serve The | Companies 
eer appointed 
Ltd 


appoimted 


t 
ssop-Saville 


has been works 


>) 


manager of and United Koll Foundry 
Ltd 

Mr A. S. C. Blench has become an 
of The Institution of Metallurgists 

Mr §. 8. Brammar has joined Tube Invest 
Research Laboratories as a research 
metallurgist 

Mr ©. H. Brooks has succeeded Mr F. 1 


Bagnall as manager of nos.2, 3, 4 melting 


Associate 
ments 


and 
shops at Samuel Fox and Co. Ltd 

Mr B. C. Bruce-Gardner has been appointed 
general manager of the Patent Shaft Steel 
Works Ltd 

Mr W. F. Cartwright has joined the board of 
Davy and United Engineering Co. Ltd 

lor Maurice Cook, «.8.&., has retired from th 
post of chairman of ICI Metals Division 

Mr T. R. Craig, O.B.E., 18 a member of the 
executive board of the British Tar Confedera 
tion for 1959-60. 

Mr G. H. Davison is a mx 
sultative committee appointed to advise the 
Department of and Industrial Re 
search on the services of the National Lending 
Library for Science lechnology 

Mr C. Dunger is now assistant sales manager 
of the Alloys Division of Union Carbide Ltd 


mber of the cor 


Scientific 


and 


Announcements and News of Science and Industry 


Mr J. Firth has been appointed manager of 
the mechanical handling division of Robert 
Dempster and Sons Ltd 

Mr H. P. Forder has appointed a 
director of The United Steel Companies Ltd. 

Dr R. T. Fowler has been awarded the degree 
of Doctor of Science in Engineering from the 
University of Svdney and has been appointed 
Professor of Chemical Engineering at the 
University of New South Wales 

Mr H. W. Hignett has been elected a vice- 
president of The Institute of Metals 

Mr M. G. Hipkins has left British Oxygen 
Ltd to become chief metallurgist to 
Head, Wrightson and Co. Ltd, Teesdale Lron- 
works 

Mr A. L. Hodge has be« 
manager, development of gas processes (metal 
lurgy Newark Deve Laboratory, 
Linde Company 

Mr E. von Hofsten has taken up the 
works development with 
Jernverks AB 

Dr J. ©. Hudson is to receive the Frank 
Newman Speller Award for 1959 from the US 
National Association of Engineers. 

Dr Ivor Jenkins has been elected an ordinary 
member of council of The Institute of Metals. 

Mr A. K. McCosh has resigned the chairman 
ship of William Baird and Co. Ltd and of 
Bairds and Scottish Steel Ltd for reasons of 
health, but will retain his seat on the board. 

Mr E. L. Morgan has left and 
Llovds Ltd to Workington Iron and 
Steel Company as works metallurgist 

Mr H. Morley has been appointed a director 
of Samuel Fox and Co. Ltd 

Mr 4. &. Perry has joined the 
Eutectic Welding Alloys Ltd 

Mr B. 8. Prichard has relinquished the post 
of managing director of the Patent Shaft Steel 
Works Ltd, will in future be director 
responsible for sales and commercial develop- 


been 


Gases 


nh appormte d associate 
opment 


post of 


manager (Avesta 


Corrosion 


Stewarts 


join the 


board of 


and 


ment 

Mr W. D. Pugh has been appointed chair 
English Steel Forge and Engineering 
Ltd, English Steel Rolling Mills 
Ltd, English Steel Castings 
Corporation Ltd, English Steel Spring Cor 
poration Ltd, and Taylor Bros and Co. Ltd. 

Sir Stanley Rawson has retired from the 
board of John Brown and Co. Ltd 

Dr A. M. Sage has been elected a Fellow of 
The Institution of Metallurgists 

Dr Francesco Savioli has left Finsider to 
SANAC (S.p.A. 


man of 
Corporation 
{ orporation 


become general manager of 
Refrattari Argille e Caolini) 

Mr Charles W. Schuck is now vice president 
of the Braeburn Alloy Steel Division of Conti- 
nental Copper and Steel Industries Ine 

Mr A. C6. Somers has been appointed sales 
director of Walter Somers Ltd 

Col. T. V. Somers, 0.8.&., has been appointed 
production director of Walter Somers Ltd 

Mr Walter Somers has appointed 
deputy chairman and joint managing director 
of Walter Somers Ltd 

Mr R. G. H. Taylor has been appointed 
chairman of English Steel Export Corporation 
Ltd. 

Mr H. ©. Waterston has resigned the 
chairmanship of William Baird and Co. 
Bairds and Scottish Steel 
reasons of health 

Mr C. R. Wheeler, ©.8./ 
chairman of Keen 
Ltd 

Mr Charles M. White is to receive the 
Benjamin F. Fairless Award of the American 
Inatitute of Mining, Metallurgical, and Petro- 
leum Engineers at the annual meeting of 


AIME in New York in February 


been 


vice- 
Ltd 
and of Ltd, for 
, has been 
Iron and 


appointed 


Guest Steel Co. 
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102 NEWS 


Mr C. H. T. Williams has been elected senior 
warden of the Company of Cutlers in Hallam- 
shire. 

Mr F. A. Wilson has retired from the post of 
manager of the home pig-iron department at 
Wm Jacks and Co. Ltd; he will continue to 
serve the company in a consultative capacity. 

Mr R. Wilson has been appointed a director 
of Union Carbide Ltd, and has become director 
and general manager of the Alloys Division. 

Dr A. Wimmer has been awarded the Grand 
Federal Cross of Merit by the West German 
Government for his work in the field of iron 
and steel production technique research. 


Obituary 


Col. Alfred Harold Bishop, m.c., v.p., M.1- 
MECH.E. (elected 1944), of Tunbridge Wells, on 
3 November 1959. 

Mr Reginald Bertram Dakin (elected 1950), of 
Stourbridge, on 18 October 1959. 

Professor William Minot Guertier, ru.v., 
DR.ING.HABIL. (elected 1952), of Berlin, on 
21 March 1959. 

Mr Richard Henry Harriss, m.1.mecu.e. 
(elected 1925), of Johannesburg, South Africa, 
on 22 July 1959. 

Mr Robert Marshall (elected 1934), of Coat- 
bridge, on 6 November 1959. 


IRON AND STEEL 
ENGINEERS GROUP 
Meeting on piate mills 


The next meeting of the Lron and Steel 
Engineers Group will be held on Wednesday 
and Thursday, 6 and 7 April, in London. The 
meeting will be devoted to the presentation 
and discussion of four papers on plate mills. 

Full details of the meeting will be announced 
shortly in the Journal. 


BRITISH IRON AND STEEL 
FEDERATION 
New President and President-Elect 


Mr R. F. Summers (chairman, John Summers 
and Sons Ltd) succeeded Mr Lewis Chapman, 
c.B.E. (chairman, Jessop-Saville Ltd) as Presi- 
dent of the British Lron and Steel Federation 
on | January. 

At a meeting of the Council of the Federa- 
tion on 15 December, Mr C. R. Wheeler, c.B.£. 
(chairman, Guest Keen Iron and Steel Co. Ltd) 
was appointed President-Elect of the Federa- 
tion for 1960. 


FORTHCOMING CONFERENCES 
AND EXHIBITIONS 


Digital computer systems 


The British Computer Society and the Institu- 
tion of Electrical Engineers are organizing two 
discussion meetings on Reliability and main- 
tenance of digital computer systems: managerial 
and engineering aspects. The meetings, which 
are under the aegis of the British Conference 
on Automation and Computation, will be held 
at the Institution of Electrical Engineers, 
Savoy Place, London WC2, on Wednesday and 
Thursday, 20 and 21 January. 

The sessions on the first day, which are being 
arranged by the British Computer Society, 
cover reliability of organizational procedures, 
improving reliability by programming stra- 
egy. and maintenance and fault diagnostic 
techniques. Those on the second day, run by 
the Institution of Electrical Engineers, cover 
experience of system reliability, the influence 
of engineering design on reliability, and factors 
affecting the reliability of peripheral equip- 
ment. 

Enquiries should be sent to the Institution 
at Savoy Place, London WC2. 


The computer in production 


The Institution of Mechanical Engineers is 
arranging an informal discussion on The 
computer in production to be held on Monday 


and Tuesday, 21 and 22 March, at 1 Birdcage 
Walk, London SW1. 

The purpose of the meeting is to introduce 
chartered mechanical engineers and managers 
to the latest techniques involving the applica- 
tion of computers in production, and to pro- 
vide a forum for managers, engineers, and 
users to present their views to manufacturers 
of computers. The discussion will be informal 
and will not be reported. Visits to computer 
centres and installations have been arranged in 
conjunction with the meeting. 

Full details may be obtained 
Secretary of the Institution at 1 
Walk, London SWI. 


from the 
Birdcage 


Fatigue of welded structures 


The British Welding Research Association and 
the Engineering Department of Cambridge 
University are organizing a symposium on the 
fatigue of welded structures, to be held in the 
Engineering Department at the University 
from 29 March to | April. Papers will be 
presented by experts from Great Britain, East 
Germany, and the USA. The fee for member- 
ship of the symposium is fifteen guineas. 

Further particulars may be obtained from 
the BWRA, Abington Hall, Abington, 
Cambridge. 


Compressed air and hydraulics 


What has been described ag ‘the first inter- 
national focus on fluid power’ will be held at 
the Empire Hall, Olympia, London, from 25 to 
29 April. This is the Compressed Air and 
Hydraulics Exhibition, at which over 100 
exhibitors from all over the world will be 
displaying their wares. 

Further details of the exhibition, and of the 
conference that is being organized in conjunc- 
tion with it, may be obtained from the 
Exhibition Manager and Conference Secretary 
respectively, at St Richard’s House, Eversholt 
Street, London, NW1. 


Non-destructive testing 


The Non-Destructive Testing Group of the 
Institute of Physics is holding a meeting on 
2-4 May jointly with the Société Francaise de 
Métallurgie. The programme will have the 
general theme of the relationship between 
structure and physical properties of metals, 
and will include recent advances in non- 
destructive testing techniques. Further details 
may be obtained from the Secretary, The 
Institute of Physics, 47 Belgrave Square, 
London SW1. 


Powder metallurgy 


The Hotel Biltmore in New York City will be 
the setting for the first International Powder 
Metallurgy Conference on 13-15 June. The 
conference is organized jointly by the Metal 
Powder Industries Federation and the Powder 
Metallurgy Committee of AIME. 

The technical programme will consist of 
three symposia, on fundamentals and theory, 
technology and methods, and materials and 
applications, respectively. Papers are to be 
presented by authors from France, Germany, 
Sweden, and the UK in addition to the USA. 

Further information may be obtained from 
Kempton H. Roll, Metal Powder Industries 
Federation, 60 East 42nd Street, New York 17, 
me. 


EDUCATION 
Postgraduate course at Liverpool 


A residential course on The mechanics of metal 
forming is being held at Liverpool University 
from 27 March to | April. The course is specifi- 
eally designed as an introduction to the 
theoretical and experimental study of metal 
forming. 

The fee for the course, including accom- 
modation at Derby Hall, is fifteen guineas; 
non-residential students can be accepted at a 
fee of ten guineas. Applications should be sent 
to the Director of Extra-Mural Studies, 
9 Abercromby Square, Liverpool 7. 
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Modern metallographic techniques 


A course of twelve meetings (seven lectures 
and five practical periods) on Modern metallo- 
graphic techniques is being held at Northamp- 
ton College of Advanced Technology, London, 
on Wednesday afternoons, starting on 13 
January. The course will cover polishing and 
etching techniques, thin film preparation, 
illumination in microscopy, microhardness 
testing, electron microscopy, microradio- 
graphy, and high-temperature metallography. 
The fee for the course is two guineas. 


NEWS OF SCIENCE AND 


INDUSTRY 

New corrosion society 

The Corrosion Science Society has recently 
been founded by a group of leading corrosion 
scientists, and the first meeting is to be held at 
Battersea College of Technology on 4 and 5 
April. 

In announcing the formation of the new 
society, the sixteen founder members stated: 

‘Corrosion topics are discussed by many 
institutes and societies in Britain, at meetings 
more often than not consisting of lectures and 
symposia on established matters. However, 
there exists no independent organization 
bringing together scientists interested in the 
progress and practice of the science and tec h- 
nology of corrosion and its prevention, for the 
discussion of current work. 

‘We believe that an independent society, 
consisting only of professional scientists and 
technologists working in the corrosion field, 
would be particularly well able to promote the 
advance of corrosion science We are 
therefore founding the 
Society with the following immediate aims: 

1.To promote the advance of corrosion 

science and its application to the solution 
of practical problems 

2.To organize meetings -— personal, local, 

national, and international — of scientifi- 
cally qualitied persons interested in all 
fields of corrosion and corrosion-protec- 
tion research and practice, for the dis- 
cussion of current work 

3. To cooperate with all other professional 

individuals, societies, and institutes, 
British and foreign, with interests in the 
corrosion field.’ 

Those interested should write to either Dr 
T. P. Hoar, Department of Metallurgy, Pem- 
broke Street, Cambridge, or Dr L. L. Shreir, 
Battersea College of London 
SWII. 


Corrosion Science 


Technology, 


Latest BISF film 


Sheffield Made is the title of the latest film to be 
issued by the British Lron and Steel Federa- 
tion. Photographed in colour and admirably 
produced and directed, with an excellent com- 
mentary by Mr Richard Grindal, assistant 
public relations officer of the Federation, the 
film shows how the steelmakers of Sheffield, 
with their traditions of skill and craftsman- 
ship, produce the special steels that modern 
industry needs. The film, which runs for 15 
minutes, well illustrates the manifold processes 
of manufacture, stemming from research and 
development, and the modern applications are 
strikingly recorded with shots of a guided 
missile, the interior of a nuclear reactor, and 
the SR Hovercraft. 

Copies of the film (16 and 35 mm) may be 
obtained on free loan on application to the 
Federation’s Library at Steel House, Tothill 
Street, London SWI. 


Arc furnaces for SPT 


It was recently announced that Steel, Peech 
and Tozer of Rotherham, a branch of The 
United Steel Companies Ltd, are to replace all 
their existing open-hearth furnaces with six 
110-ton electric are furnaces, at a cost of about 
£10 million. When this changeover is com- 
pleted, in about five years’ time, this will be the 
largest electric steelmaking plant in the world, 
with an annual capacity of 1350000 ingot tons. 

At present there are 14 open-hearths in the 
Templeborough melting shop and seven in the 





Rotherham melting shop, producing together 
about a million ingot tons annually. The 
electric furnaces will be housed in the Temple- 
borough shop, which will have to be modified 
to receive them. The Rotherham shop is to be 
demolished. 

The first four are furnaces, of the swing-roof 
type, will be in commission by January 1963. 
The first two open-hearths at the Sheffield end 
of the Templeborough shop are to be closed 
down in two years’ time in order to begin 
installation of the new furnaces. To maintain 
the existing level of steel production during the 
changeover period, double oil burners and all- 
basic linings are to be fitted to some of the 
furnaces. 

The power requirements for the new melting 
shop will be six times that of the whole works 
at the present time, and over one-third of the 
existing industrial load in the Sheffield area. A 
new electrical substation will therefore be built 
near the company’s Brinsworth mill to take 
power from the super-grid. It will permit a 
metered supply of power at 33 kV to be con- 
veyed by cable to the melting shop, where it 
will be transformed down to a working voltage 
of 565/200 V for furnace operation. 

New steam-generating equipment will have 
to be provided, since all the existing waste- 
heat boilers will become redundant. In addi- 
tion, a new ingot mould preparation building 
twice the size of the existing building is to be 
built. 

No order has yet been placed for the supply 
of the electric furnaces, but almost all the 
ancillary equipment is to be supplied by the 
Distington Engineering Ltd, another 
United Steel subsidiary. 


Co. 


SCW development plan 


The board of The Steel Company of Wales Ltd 
has approved a further development plan 
designed to increase the annual steel produc- 
tion from 3000000 to 3650000 ingot tons, 
with consequent increases of production of 
steel sheets and tinplate. The plan is estimated 
to cost about £30 million; production from the 
new plant is expected to start at the end of 
1961. 

No further additions to coke ovens, blast- 
furnaces, or melting shops is anticipated, 
although certain modifications will be carried 
out, designed to give increased efficiency and 
production. 

A continuous casting plant is to be installed 
for the production of slabs; this will be the first 
large-scale application of this process in the 

JK. A new medium (48-in.) strip mill is to be 
installed alongside the existing 80-in. mill, 
adopting US practice in this respect, so as to 
provide greater flexibility and a measure of 
reserve capacity. Additional finishing equip- 
ment will be provided to deal with the 
increased output of sheet. 

The scheme which has been approved by the 
directors of the company has gone forward to 
the appropriate authorities for approval. 


ECSC reorganization 


The High Authority of the European Coal and 
Steel Community has reorganized its internal 
services. The existing twelve administrative 
units have been replaced by seven depart- 
ments (directions générales), as follows: 

General secretariat 

Administration and finance 

Economie and energy 

Market department (coal) 

Market department (steel) 

Labour problems, reorganization. snd 

development 

Loan and investment. 
A number of highly qualified experts in the 
High Authority’s service will be called upon to 
act as special counsellors to advise in a con- 
sultative capacity. 


New blooming mill at Bilston 


A blooming and semi-finishing mill has recently 
one into service at the Bilston works of 
Stewarts and Lloyds Ltd. Supplied by Schloe- 

mann AG of Dusseldorf, the new mill has an 

annual capacity of 500000 tons. 


The blooming mill consists of a 40-in. 2-high 
reversing stand, manipulators, work and con- 
veyor roller tables, skid transfers, scarfing 
machine, and shears. The semi-finishing mill 
comprises two 32-in. 2-high reversing stands, 
roller tables, skid transfers, saw line, pawl-type 
cooling bed, and two rope-transfer cooling 
beds. 


Contract news 


Ashmore, Benson, Pease and Co. Ltd have 
received a contract valued at about £4 million 
for the design, manufacture, and erection of 
two complete blast-furnaces for the Spencer 
works of Richard Thomas and Baldwins Ltd. 
The furnaces will have a hearth diameter of 
30 ft and will provide iron for the new RTB 
integrated steelworks and strip mill. 


Head Wrightson Iron and Steel Works 
Engineering Ltd is to build a sintering plant at 
the Clyde Iron Works of Colvilles Ltd. The 
new plant will be similar to that already 
supplied to the same company’s Ravenscraig 
works. It will be one of the largest single- 
strand sintering units to be built in the UK, 
and will be capable of a daily production of 
2500 tons. The total value of the order is about 
£700000. 


High-temperature stainless steels 


The research and development department of 
The United Steel Companies Ltd, in conjunce- 
tion with Samuel Fox and Co. Ltd, a United 
Steel subsidiary, has introduced a new series of 
high-strength stainless steels for elevated tem- 
perature The new are marketed 
under the name Jethete. 

The basic steel from which the Jethete range 
has been developed is a low-carbon 12°%Cr 
steel; a wide range of properties is derived from 
additions of small quantities of alloying ele- 
ments such as molybdenum, 
niobium, ete. 

Much of the work was undertaken initially 
in response to problems encountered in the 
field of jet aircraft and guided missiles, and the 
aircraft industry is a large user of Jethete stecls. 
Increasing interest is being shown, however, by 
other industries with similar problems, and 
new uses are being found for the Jethete series 
for such applications as the 
turbine blades in power stations. 


use. steels 


vanadium, 


low-pressure 


Welding design advisory service 


The British Welding Research Association has 
formed a Design Advisory Service. It is felt 
that the fullest possible advantages of welding 
can only be realized by entirely new concepts 
of design specifically for welding and not by an 
adaptation of those designs based on other 
forms of jointing. The head of the new service 
is Mr Tibor Haas. 


New house journal 


The Electric Resistance Furnace Co. Ltd is the 
latest company to enter the ‘house journal’ 
field; E FCO Journal appeared first in October 
this year, and is designed, in the words of the 
chairman of the company, Mr D. F. Campbell, 
‘to interconnect the thoughts of EFCO engi- 
neers and metallurgists with those of metal 
working companies who may require modern 
equipment to apply the new techniques which 
are called for by modern engineering’. 

The first issue contains articles on recent 
heat-treatment developments, and on EFCO 
installations in Switzerland, the UK, 
elsewhere. 


CHANGES OF ADDRESS 
AND TITLE 


The Birmingham office of Keith 
Ltd has moved to 1651 
Birmingham 30 (telephone 
4151/2). 

Sunvic Controls Ltd has combined with the 
Instrument and Meter, Scientific Apparatus, 
and X-ray Departments of Metropolitan 
Vickers Electrical Co. Ltd to form the Instru- 
mentation Division of Associated Electrical 
Industries Ltd. 


and 


Blackman 
Pershore Road, 
Kings Norton 
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The title of Birlee Ltd has been changed to 
A.E.1.—Birlee Ltd. The name of its associate 
company, Birlee-EFCO (Melting) Ltd, has not 
been changed. 


INDUSTRIAL PUBLICATIONS 
RECEIVED 


An attractive brochure describing its work has 
been issued by Stourbridge Refractories Co 
Ltd, one of the Woodall-Duckham group of 
companies. 

Recent publications from Henry Wiggin and 
Co. Ltd include Wiggin Nickel Alloys v. Caustic 
Alkalies (publication 1529A), Wilco— Wiggin 
Theromometals: Basic Information (1920), and 
Brightray-coated Exhaust Valves (1336A). 

Head, Wrightson and Co, Ltd have issued 
two brochures dealing with mineral-dressing 
problems, on the Stripa process and the 
Cyclone washer 

From the Mond Nickel Co. Ltd comes a 
36-page booklet on the properties and applica- 
tions of 8.G. iron. 

Salamander plumbago stoppers and nozzles 
are described in publication AE.66 from the 
Morgan Crucible Co. Ltd. 

Midland Heating and Ventilation Co, Ltd 
have issued a brochure on Gyra-Flo paddle 
blade fans. 

EFCO-Brown Boveri portable electric 
mould driers are the subject of publication R31 
from the Electric Resistance Furnace Co. Ltd. 

Metalectric Furnaces Ltd have devoted 
their leaflet M4b to standard box-type furn- 
aces. 

The 2nd edition of Section 10 of the cata- 
logue of Herbert Morris Ltd deals with electric 
cranes for heavy and continuous use. 

Powergrip timing belt drives are the subject 
of publication 359 from Crofts (Engineers) Ltd. 

The Holmes-Schneible Multi-Wash system 
for gas cleaning is described in publication 80 
from W. C. Holmes and Co. Ltd. 


CONTRIBUTORS TO THE 
JOURNAL 


A. Hogg, M.sc., GRAD. 
INST.P. Senior assist- 
ant, furnace research 
section, Research and 
Development Depart- 
ment, United Steel 
Companies Ltd. 
Arthur Hogg was edu- 
cated at Heywood 
Grammar School and 
Sheffield University, 
where he obtained the 
B.SsCc.(HONS.) degree in 
physics. His postgrad 
uate research was de- 
voted to high-vacuum techniques and the 
optical] properties of metals in the infrared. 

He joined the Research and Development 
Department of the United Steel Companies 
Ltd in 1956 and has worked on model studies, 
heat transfer, and combustion problems. 


CORRIGENDA 


In the paper ‘Fumes from the acid open-hearth 
process’ by W. Strauss and M. W. Thring 
(JISI, 1959, November, 193, 216-221), the six 
photographs comprising Fig.3 should be in the 
following order and not as published: 

a c ‘ 


b d f 


The sub-caption to Fig.3a should read ‘Melt- 
ing, large particles’. 


Mr R. A. P. Morgan, author of the paper on 
‘The cold extrusion of steel’ (J7SI, 1959, 
November, 193, 285-303) has pointed out that 
increasing coating weights to 4500 mg/ft® by 
the addition of 5% wt/vol sodium nitrate to 
the pickling solution (see p.289, left-hand 
column) is covered by a provisional patent 
(British Patent Application No. 886/59, The 
Walterisation Co. Ltd). 
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104 NEWS 


DIARY 


1 Jan. CLEVELAND INSTITUTION OF EN- 
GINEERS—TIron ore from Cerro 
Bolivar (film)—Cleveland Scienti- 
fie and Technical Institution, 
Middlesbrough, 6.30 pm. 
SHEFFIELD METALLURGICAL ASSO- 
CIATION (Methods of Analysis 
Group)—Annual General Meeting 
and Presidential Address— BIsRA, 
Hoyle Street, Sheftield, 7 pm. 
SWANSEA AND DISTRICT METAL- 
LURGICAL SOCIETY— Steel for atom- 
ic energy, by B. Watkins— Central 
Library, Swansea, 6.45 pm. 
NEWPORT AND DISTRICT 
LURGICAL SOCIETY 
control in rolling 
Briggs—-Whitehead 
Newport, 7 pm. 
SHEFFIELD METALLURGICAL 
CIATION (Refractories Group) 
Annual General Meeting and Presi- 
dential Address—Bisra, Hoyle 
Street, Sheftield, 7.30 pm. 
MANCHESTER METALLURGICAL SO- 
CIETY The newer methods of steel 
making, by J. Pears—Central 
Library, Manchester, 6.30 pm. 


METAL- 
Automatic 
mills, by P. 
Institute, 


ASSO- 


NORTH WALES METALLURGICAL 8SO- 
CIETY inalytical control by means 
of the Quantometer and Quantovac, 
by W. 8. Sykes— Flintshire Tech- 
nical College, Connah’s Quay, 7 pm. 
SOCIETY OF CHEMICAI 
(Corrosion Group) 


INDUSTRY 
Corrosion pre b- 
lems of high-te mperature pressur- 
ized water reactors, by J. N. 
Wanklyn— 14 Belgrave Square, 
London SW1, 6 pm. 
STAFFORDSHIRE LRON STEEL 
INSTITUTE — Materials and 
methods of construction involved in 
the industrial use of atomic energy, 
by L. Grainger—Station Hotel, 
Dudley, 7.30 pm. 

WEST OF 
STEEI INSTITUTE 
AND STEEI 
Group) 


AND 
used 


SCOTLAND IRON AND 
and THE IRON 
INSTITUTE (Engineers 
Engineering aspects of a 
modern open-hearth steel plant, by 
J. A. Kilby and J. C. Gordon—39 
Elmbank Crescent, Glasgow, 6.45 
pm. 

SHEFFIELD SOCIETY OF ENGINEERS 
AND METALLURGISTS—— Moderniz- 


ing the electricity supply network of 


a large expanding 
L. C. Bunce 
Theatre, St George's 
Sheffield, 7.30 pm. 
18-22 Jan. PHYSICAL socrEeTy 
bition, London. 
19 Jan. SHEFFIELD METALLURGICAL ASSO 
CIATION Annual General Meeting 
and Presidential Address— BisRA, 
Hoy le Street, Sheftield, 7 pm. 
METALLURGICAL SOCIETY OF 


steelworks, by 
Engineering Lecture 
Square, 


Annual exhi 


20 Jan. AIME 

on flat-rolled pro- 
duets—Chicago, Ill., USA. 

20-21 Jan. BRITISH COMPUTER socIETY and 
INSTITUTION OF ELECTRICAL EN 
GINEERS- Meeting on Reliability 
and digital 

managerial and en 


Place, 


Conference 


maintenance of com 
puter systems 
gineering aspects 
London WC2 
LIVERPOOL METALLURGICAI 
ETY Student prize competition 
Department of Metallurgy, Liver 
pool University, 7 pm. 

BRITISH NUCLEAR ENERGY CON 
FERENCE —~ Control and instrument- 
ation of nuclear reactors, by R. 
Anscombe and F. Hutber Insti 
tute of Marine Engineers, 76 Mark 
Lane, London EC3, 5.30 pm. 
NORTH EAST METALLURGICAL SOCI- 
etTY— Production and properties of 
nodular cast iron, by H. Morrogh 
Cleveland Scientific and Technical 
Institution, Middlesbrough, 6.30 
pm. 


Savoy 


socl- 


SHEFFIELD METALLI'RGICAL ASSO- 
CIATION (Methods of Analysis 
Group)— The analytical chemistry of 
the platinum metals, by E. Jackson 
BISRA, Hoyle Street, Sheffield, 
7 pm. 
MANCHESTER METALLURGICAL 80O- 
ciety—The theoretical background 
to corrosion, by R. A. U. Huddle 
Central Library, Manchester, 6.30 
pm. 
EBBW VALE METALLURGICAL SOCI- 
ETY—Quality control, by J. B. 
Thickens—RTB Lecture Rooms, 
7.15 pm. 
CLEVELAND INSTITUTION OF EN- 
GINEERS— The new basic Bessemer 
plant at the Abbey Works of the 
Steel Company of Wales Ltd, by 
C. E. H. Morris— Cleveland Scien- 
tific and Technical Institution, 
Middlesbrough, 6.30 pm. 
SHEFFIELD METALLURGICAL 
CIATION—-Carbide precipitation du- 
ring the tempering of alloy steels, by 
Professor R. WwW. K. Honeycombe 
BISRA, Hoyle Street, Sheffield, 
7 pm. 
SWANSEA AND DISTRICT METAL- 
LURGICAL SOCTETY Vetallurgical 
facts and theories, by Dr C. 8. Ball 
Central Library, Swansea, 6.45 
pm. 
LINCOLNSHIRE 


ASSO- 


8 Feb. IRON AND STEEL 


INSTITUTE—Special steel produc- 
tion, by F. C. Martin—North 
Lindsey Technical College, Scun- 
thorpe, 7.30 pm. 
SHEFFIELD METALLURGICAL ASSO- 
CIATION (Refractories Group) and 
REFRACTORIES ASSOCIATION OF 
GREAT BRITAIN— Liaison between 
research and industry, by H. M. 
Richardson—-BIsRA, Hoyle Street, 
Sheftield, 7.30 pm. 
MANCHESTER METALLURGICAL SO- 
creTY—The precipitation-harden- 
ing stainless steels, by J. 1. Morley 
Central Library, Manchester, 
6.30 pm. 
NORTH WALES METALLURGICAL 80O- 
ciety — Prospects for the continu- 
ous casting of tonnage steel, by J. 
Savage— Flintshire Technical Col- 
lege, Connah’s Quay, 7 pm. 
LIVERPOOL METALLURGICAL 
ETY—— Recent researches in the cor- 
rosion and protection of iron and 
steel, by Dr J. C. Hudson—College 
of Technology, Liverpool, 7.30 pm. 
SHEFFIELD SOCLETY OF ENGINEERS 
AND METALLURGISTS— The 
sion of a heavy forge to oil-firing and 
the development of a large oil-type 
furnace, by D. D. Carrington 
Engineering Lecture Theatre, St 
Square, Sheffield, 7.30 


soc! 


conver 


George’s 
pm. 


BRITISH IRON AND STEEL INDUSTRY 


TRANSLATION SERVICE 


The following translations are now available, 
in addition to those given on page 376 of the 
December 1959 issue of the Journal: 


The relation between the distance of an inclu- 
sion from the surface and its effect on fatigue 
eracking (with discussion). 

Lerris, H. pe, and Fraprier, E., 
1959, (1), pp. 11-24. (£6) 
Oxygen-free fluxes for 
steels and alloys 
Mepovar, B. U. and Gurevicn, 8S. M., Artom. 
Svarka, 1955, (4), pp.B1-41 (£4 58. Od.) [1335 


Rev. Mét., 
{1263 


welding high-alloy 


The life of forging dies. 
ELeMARK, J., Hutn. Listy, 1958, ( 
619 (£8 LOs. Od.) 


7), pp.612 
(1346 

Ultrasonic testing of products in the iron and 

industry. (Extended abstract 2000 

words). 

Koprneck, H.-J., et al., Stahl u. 

May 28, pp.786-797. (£2 5s. Od.) 


steel 


Eisen, 1959, 
1365A 
The influence of primary band spacing and the 
austenitic grain size on the formation of the 
ferrite-pearlite banded structure. 
Wyss, lI Schweizer Archiv., 
pp.258-260. (£2 15s. Od.) 


Aug., 
1379 
Intercrystalline corrosion of austenitic stain- 
less steels (with discussion) 
CLeRBOIS, L., et al., Electrochimica 
April, pp.70-81. (£3 15s. Od.) 


1956, 


Acta, 1959, 
(1388 
Oxygen in open-hearth furnaces. Data from 
reports and practice. IT. A comparison and 
evaluation of oxygen steelmaking processes. 
ScHREIBER, W., Radex Rund., 1959, May, 
pp.546- 555, (£5) {1396 
Influence of vibrations on metal properties. 
SERKoOvskiT, V. A., Lit. Proizv., 1958, (5), 
pp.19 21. (£3 15s. Od.) (1415 
High temperature 12°)-chromium cast steel. 
ScHINN, R., V.G. B. Mitt., 1958, Dec., pp.397 
406. (£4 5s. Od.) 1421 
The development of are steelmaking furnaces 
and of « lectrode control mechanism. 
Dritter, A., Elektrotechn. Z., 1956, Feb.21. 
pp.41-47. (£4 5s. Od.) {1433 
Steel for reinforced concrete. T. 
Tuomas, L., Tek. Uke., 1958, Nov.20, pp. 1011 
1018. (£4 15s. Od.) (1435 
How can theory help the control engineer? 
KALTENECKER, H., Gas u. Wasserfach, 1959, 
July 3, pp.681-687. (£5 5s. 0d.) {1449 
Deformation of the work material in cross 
rolling. 
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BrovMan, M. Ya., Stal’, Rolling and Tube 
Manufacture Supplement, 1959, 22-23. (£4 5s.) 
(1456 
The fabrication of large diameter welded tubes 
at the Sedan factory of the Société Lorraine- 
Escaut. 
Petit, J., Techn. 
pp.197- 206. (£6) 


Voderne, 1959, April, 


[1460 


Development and application of a heat radia- 
tion measuring instrument for the analytical 
evaluation of temperature conditions. 
PLocer, U., Arch. Eisenhiit, 1959, 
pp-473-476. (£3 5s. Od.) 


Aug., 
1463 


The oxidation of iron-molybdenum alloys in 
air at elevated temperatures, 
LAHMEL, A., et al., Arch. Eisenhiit, 1959, June, 


pp-351-360. (£7) (1465 
Approximating equilibrium conditions in the 
molten pools of metal and slag in are welding. 
Example: Alumina silica fluxes. 

Conn, W. M., Schweissen u. Schneiden, 1958, 


May, pp.174—181. (£5) 1468 
Technical and mechanical properties of differ- 
ently deoxidized basic converter steels 
{0SEGGER, R., Berq- u. Hiitten. Monatsh., 
1958, Sept., pp.163-175. (£6) 1470 
Viscous behaviour of synthetic slags in depend- 
their composition and temperature 
(with discussion). 

Hormann, EF. E., Stahl u. Eisen, 1959, June 11, 
pp-846-854. (£5) 1471 
Use of chrome-magnesite bricks in combina- 
tion with prefabricated dolomite blocks. 
PLETTINGER, E., and Prcernecour, F., Afti 
Notizie, 1959, (1), pp.17-19. (£2 58. Od.) [1475 


ence on 


Stress corrosion, 
Bera, 8., Teknisk Ukeblad (Oslo), 1958, April 
10, pp.323-331. (£5 5s. Od.) 1479 


Secondary conditions of axial engagement in 
oblique rolling. 

Tererin, P. K., Stal’, Rolling and Tube 
Manufacture Supplement 1959, pp.133-138. 
(£2 15s. Od.) {1480 
Examination of a simple measuring procedure 
for the determination of the spalling resistance 
Bann, R., and Pump, K., Silikat Technik, 
1959, April, pp, 190-192. (£2 15s. Od.) 1483 
Determination of oxygen in steel using differ 
ent test methods. 

Hiitte, 1958, Oct., 


1487 


Grossruss, E., Neue 
pp-608-615. (£4 15s. Od.) 





ABSTRACTS OF 


CURRENT LITERATURE /ron and Steel Manufacture and Related Subjects 
AND BOOK NOTICES 


CONTENTS 


Note; The letters a, 6, and c refer to the three columns on the page concerned. 
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MINERAL RESOURCES 106a 
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107a 
107b 
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1104 
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Pits 
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New 


PUBLICATIONS 


* Abstracts, the reference to which is marked with an asterisk are, or are to be available as translations 


APPLICATIONS . 


ABBREVIATIONS AND LIST OF PERIODICALS 
EXAMINED BY THE ABSTRACTING SERVICE 


Additions and alterations to the January, 1958, list 


Delete from the list the following periodicals 
which are discontinued or have changed their 


names 


Acciaio e Costruzioni Metalliche (Milan) 
American Gas Association Monthly (New York) 
Atomics and Nuclear Energy (London) 
British Engineering (London) 
Bulletin de Academie Polonaise 
(Warsaw) 
Classe Quatriéme 


des Sciences 


Classe Troisieéme 
Bulletin of the Institute of 
(London) 
Chemical Engineering News (Washington) 
Chinese Journal of Mechanical 
(Peking) 
Colonial 
London 
Quarterly Bulletin 
Supplement Series 
Colorado School of Mines, Quarterly 
Colorado) : 
Demag News (Duisburg) 
Echo des Mines (Paris 
Electronic Engineering (London) 
Elliott Journal (London) 
Iva Ingeniérs Vetenskaps Akademien (Stock- 
holm) 
Industrial Heating Engineer (London) 
Insulation Review (London) 
Journal of the Institution of Heating 
Ventilating Engineers (London) 
Journal of Molecular Spectroscopy (New York) 
Mineralogical Magazine (London) 
Prace Instytutow Minsterstwa 
(Stalingrod) 

Proceedings of the Metal Powder Association 
(New York) 

Proceedings of the Royal Society of Edinburgh 
(Edinburgh) 

Steel Processing (Pittsburgh) 

Techniques et Civilisations (St Germain-en- 
Laye) 

Werkstatt und Maschinenbau (Berlin) 

Western Metals (Los Angeles) 


Metal 


Finishing 


Engineering 


Geology and Mineral Resources 


(Golden, 


and 


Hutnictwa 


Insert into the list 


AB Meta! Digest (Illinois) 

AEG Progress (Berlin 

Abstracts Journal Metallurgy 
London) 

Academie Polonaise des Sciences 
Bulletin Chimique 
Bulletin Mathematiqu: 
Bulletin Technique 

Acta Chimica Sinica (Peking) 

Acta Metallurvica Sinica (Peking) 

Acta Physica Sinica (Peking) 

Acta Polytechnica Scandinavica (Copenhagen, 
Helsinki, Oslo, Stockholm) 

Acta Technica (Prague) 

Advanced Materials Technology (New York) 

Akademiya Nauk SSSR Itogi Nauk-Tekhnich 
eskie Nauki (Moscow) 

Alloys and Metals Review (London) 

Anglo-Swedish Review (London) 

ASEA Research (Visteras) 

Atomic World (London) 

Avtomatika i Telemekhanika (Moscow) 

Battelle Technical Review (Columbus, Ohio) 

British Engineering and Transport (London) 

a de la Société Chimique Beograd 
(Beograd) 

Centre D’information du Chrome Dur, Bulletin 

de Documentation (Paris) 

Chemica! Industry & Engineering (Peking) 

Cobalt (Brussels) 

Costruzioni Metalliche (Milan) 

Demag Nachrichten (Duisburg) 

Denki Seiko (Tokyo) 

Dodatok do Ukrains’kogo Fizichogo Zhurnalu 
(Kiev) 

Economist (London) 

Efco Journal (Weybridge, Surrey) 

Egyptian Journal of Chemist ry (Cairo) 

Ekspress Informatsiya, Chernaya Metallur- 
giva (Moscow) 

Ekspress——Informatsiya, Liteinoe Proizvodstvo 
(Moscow) 

Ekspress —Informatsiya, Metallovedenie i Ter- 
moobrabotka (Moscow) 


(New York, 


Warsaw) 
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Engineering Materials and Design (London) 


Ergonomics (london 

Fizika Tverdogo Tela (Moscow) 

Gangtie (Peking) 

Heating (London) 

Huttenzeitung (Bochum) 

imono (Tokyo) 

inco-Mond Magazine (London 

fron and Steel Review (Calcutta) 

tronworker (Lynchburg) 

Izvestiva Akademi Nauk S5sk 

Otdelenic Tekhnicheskikh Nauk: 
Energetika i Avtomatika 
Mekhanika i Mashinostroenie 
Metallurgiya i Toplivo 

Izvestiva Vysshykh Uchebnykh 


Chernaya Metallurgiva (Stalnisk 


Moscow 


Zavedent 


Japan Science Review Mining and Metallurgy 


okyo) 


Journal of Labour Hygiene in tron and Steel 


Industry (Tokyo) 


Journal of Less Common Metals (Amsterdam) 
Journal of Mechanical Engineering Science 


(London) 
Journal of Nuclear Materials 
Koks i Khimiya (Moscow) 
Kristallografiya (Moscow) 
Kupfer Mitteilungen (Berlin) 
Lucrari Stiintifice (Bucharest) 
Materiaipriifung (Duisseldorf) 
Meta! Physics (Tokvo) 
Meta! Powder Industries Federation 
Metall-Reinigung 
burg) 


Metalworking Bulletin (New York) 


Mineria vy Métalurgia (Madrid) 
Mines et Metallurgie (Paris) 


Vorbehandlung 


Amsterdam) 


New York) 


(Ham 


Mitteilungen der Forschungsgesellschaft Blech- 


verarbeitung e.v. (Dusseldorf) 


Monthly Report of the Iron and Steel Federa 


tion (Tokyo) 


National Metallurgical Laboratory Technical 


Journal (Jamshedpur) 


New Zealand Journal of Science (Wellington) 


Nihon Teppan (Tokyo) 
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Nuclear Science 
Tennessee) 

Official Journal! (Patents) (London) 

Ogneupory (Moscow) 

Optika i Spektroskopiya (Leningrad) 

Osterreichische ingenieur Zeitschrift (Vienna) 

Overseas Geology and Mineral Resources 
(London) 
Quarterly Bulletin 
Supplement Series 

Periodica Polytechnica (Budapest) 

Physical Review Letters (New York) 

Physics of Metals and Metallography 
York, London) 

Powder Metallurgy (London) 

Powder Metallurgy Quarterly (New York) 

Prace Brnénské akladny Ceskoslovenské 
Akademie véd (Prague) 

Prace Instytutow Hutniczych (Katowice) 

Priborostroenie (Moscow) 

Prikladnaya Matematika i Mekhanika (Moscow) 

Priroda (Moscow) 

Promyshiennaya Energetika (Moscow) 

Razvedka i Okhrana Nedr (Moscow) 

Review of the Polish Academy of Sciences 
(Warsaw) 

Revue ATB Métallurzie (Mons) 

Revue M Tijdschrift (Brussels) 

Revue de Métallurgic: Les Mémoires Scien- 
tifiques de la (Paris) 

Rhodesian Mining & Engineering (Salisbury) 

Rivista Italiana Della Saldatura (Genoa) 

Rudy | Metale Niezalazne (Katowice) 


Abstracts (Oak Ridge, 


(New 


ABSTRACTS 


Safety (London) 

Sbornik Cs. Vedecké Technické Spolecnosti pro 
Zdravotni Techniku a Vzduchotechniku 
Pri Csva (Prague) 

Sbornik Nauchnykh Kabot Akademii Nauk 
Ukrainskoi Institut Metallofiziki (Kiev) 

Sbornik Statei Akademii Nauk SSSR Institut 
Mashinovedeniya (Moscow) 

Sbornik Statei Uralskii ... Zavod Tyazhelogo 
Mashinostroeniya ... Ordzhonikidze Pro- 
izvodstvo Stali (Sverdlovsk) 

Science Abstracts of China (Peking) 

Chemistry and Technology 
Technica! Sciences 
Scientia Sinica (Peking ) 

Solus Schall News (London) 

Svarochnoe Proizvodstvo (Moscow) 

Technique Moderne (Paris) 

Tekhnika Molodezhin( Moscow) 

TVK Teknisk-Vetenskaplig Forskning (Stock- 
holm) 

Teploenergetika (Moscow) 

Times Literary Supplement (London) 

Toyo Kohan (Tokyo) 

Transactions of the Metallurgical Society of 
AIME (New York) 

Transactions of the National Research Institute 
for Metals (Tokyo) 

Transport Age (London) 

Trattamenti Termici dei Metalli (Milan) 

Trudy Instituta Fizika Metallov (Moscow) 

Trudy Institut Fizicheskoi Khimii (Moscow 


These abstracts are also available on index cards in advance of publication in the Journal, each 
I ’ 


abstract being classified under the 
notes can be obtained from the Se cretary, The 


MINERAL RESOURCES 


Economic history of the Lake Superior iron 
district RK. S. Archibald (Min. Eng., 1959, 11, 
May, 513-520) A lecture. Geographical and 
geological with estimates of reserves. 

Newfoundiand mineral resources and ex- 
ploration 1958 BD. Johnston (Can. Min. J., 
1959, 80, April, 85-89) Land classification and 
iron ore and non-ferrous deposits are des- 
cribed 

Steep | ee Lake dredging prepares for iron 
ore mining J. Grindrod (Min. J., 1959, 253, 
Aug.7, 123 ety 

The export of iron ores M. da Silva Pinto, 
(Bol. ABM, 1958, 14, Oct., 453-471) [In 
Portuguese} The author discusses certain 
aspects of the work of the Development 
Council and reviews its decisions, measures 
taken by the Government in 1957-58, projects 
in hand and study projects, the types of ores 
in the reserves, present export position, 
market trends and future possibilities for 
Brazil in relation to iron ore exports—P.s. 

The Savage River iron deposits A. Nelson 
(Mine Quarry Eng., 1959, 25, June, 270-274) 
An account of the Tasmanian magnetite ore 
body. 

Brazil's mineral exports | 


Min. J., 1959, 253, 
July 31, 101-102) 


Statistics for Fe and Mn 
ores are included. Turkey’s coal and iron 
resources (ihid., 102-103). 

Geology and mineral resources of Paraguay 
A reconnaissance 2). B. Eckel, C. Milton, and 
P. T. Sulsona (US Geol. Survey Professional 
Paper, 327, 1959, 110) Iron ore resources are 
noted with a brief account of the early iron 
industry. Mn and W deposits are also listed. 


ORES MINING AND TREATMENT 


The progress in safety measures in the 
Eastern iron mines (Usine Nouv., 1959, 15, 
June 37-38). 

Studies on the hydrated iron oxides. IV. Iron 
oxide minerals altered from magnetite by 
weathering M. Nambu (Sci. Rep. Res. Inst. 
Tohoku Univ., 1958, A10, Dec., 453-458) [In 
English] The natural oxidation of magnetite 
to a-Fe,O,.H,0 proceeds via (a) y-Fe,0,.aq. 
and y Fe ss i, 20, (b) y-Fe, Og, a-Fe, Og “and 
a-Fe. 203. aq. , or (c) Fe ,0,4-aq. Path (a) is most 
usual. The mineralogic al properties of hy- 
drated magnetite, maghaemite, and goethite 
are described. —kK.E.J 


Universal Decimal system (UDC) 


. Details and subscription 


Iron and Steel Institute. 


On the biue colour of some minerals A. 

Vendl and T. Mandy (Acta Mineralogica — 
Petrographica, 1958, 11, 61-67) The cause of 
the blue colour of sev eral minerals is shown to 
be consistent with the FeO/Fe,O, 
present (12 refs). 

Studies on phase transition of synthetic 
y-Fe,0,, H,O0 S. Ray and A. Roy (Indian J. 
Phys., 1959, 33, Feb., 101-102) A letter. The 
dehydration of lepidocrocite to maghaemite, 
turgite, and haematite has been followed. 

Pyrrhotite refining. Production of high- 
grade iron ore J. A. Edwards (Jron Steel, 1959, 
32, April, 154-156) A description is given of 
the production of high grade iron ore from 
nickeliferous pyrrhotite concentrate at the 
Copper Cliff, Ontario works of the Inter- 
national Nickel Company, using the Inco iron 
ore recovery process. This plant started 
operation in 1956. 

Ore storage yard equipped with conveyor 
belt and bin loader F. Patrman (Hutnik, 1959, 
9, (3), 92-94) [In Czech] It is shown that this 
combination is more efficient than the use of 
cranes for toading, and that it is essential for 
the automatic transfer of ores from the place 
of storage to the the blast- 
furnace.—P.F. 

Gotioning temperatures of iron ores and 
sinters L. M. Tsylev (Jzvest. A.N. Otdel. Tekh. 
Nauk, 1948, (6), 889-898) Differences in 
incipient softening temperatures for ores and 
sinters of various types before and after 
partial reduction were determined. The results 
found are related to blast furnace processes 
and used to assist preparation of the sinter 
mix. 

investigation of the production and properties 
of pellets of magnetite concentrate S. I. 
Sharov, S. V. Bazilevich, E. F. Vegman, 
B. L. Lazarev, and I. D. Paderin (Stal’, 1959, 
(7), 577-583) Trials with a dise pelletizer using 
limestone as flux are described for the utiliza- 
tion of ore fines. The optimum conditions are 
established and are tabulated. Extrusion 
trials on the wet charge were also made. The 
drying and firing conditions used are des- 
eribed and the properties of the finished 
pellets are shown, with special reference to S 
content and to reducibility. 

Sintering of ore fines and muds L. Visnyov- 
szky and T. Hollo ((Koh. Lapok, 1958, 13, 
Dec., 544-548) In this second part of the 
paper, the effect of the amount of various 


ratios 
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Trudy Institut Khimii (Sverdlovsk) 

Trudy Instituta Mashinovedeniya (Moscow) 

Trudy Institut Metallurgii (Sverdlovsk 

Trudy Institut Mashinovedeniya (Moscow) 
Seminar po Teorii Mashin i Mekhanizmov 

Trudy Komissii po Analiticheskoi Khim 
(Moscow) 

Trudy Nauchno-Tekhnicheskogo Obshchestva 
Vodogno Transporta (Moscow) 

Trudy Rostovskii-na-Donu Inzhernerno-Stroi- 
tel’nyi Institut (Rostov-on-Don 

Tsvetnye Metally (Moscow) 

Ukrains’kii Fizichnii Zhurnal (Kiev) 

Unesco Bulletin for Libraries (Paris) 

United States Government Research Reports 
(Washington) 

Uspekhi Fizicheskikh Nauk (Moscow) 

Uspekhi Khimii (Moscow) 

Vedecké Kniha (Prague) 

Vestnik Akademii Nauk SSSR (Moscow) 

Vestnik Elektropromyshliennosti (Moscow) 

Vestnik Leningradskogo Universiteta, Seriya 
Fiziki i Khimii (Leningrad) 

Voprosy Proizvodstva Stali. Akademiya Nauk 
Ukrainski SSR Otdelenic Tekhnicheskikh 
Nauk (Kiev) 

Werk und Wir (Dortmund) 

Werkstattstechnik (Berlin) 

Western Metalworking (Los Angeles) 

Zhurnal Eksperimdntal’noi i Teoreticheskol 
Fiziki (Moscow) 

Zhurnal Neorganicheskoi Khimii (Moscow) 


binding materials, and the influence of humidi- 
ty and time, as well as the sintering of pellets 
is discussed in detail. —P.k. 

McLouth steel puts self-fluxing sinter line 
into operation (/ron Steel Eng., 1959, 36, 
April, 144-146) The 2100-t sintering plant 
recently put in operation at the Trenton, 
Michigan Works of McLouth Steel Corporation 
1s described. 

McLouth joins trend: builds self fluxing 
sinter plant (Steel, 1959, 144, April 6, 154-156) 
The plant described produces 2100-t of self- 
fluxing sinter daily from Lake Superior ore 
fines and accumulated flue dust.—a.a. 

Investigations of the sintering behaviour of 
iron ores W. vor dem Esche and O. Steinhauer, 
(Arch, Eisenhiit., 1959, 30, April, 187-198) The 
sintering temperatures of ten iron ores 
magmatic Kiruna and sedimentary Saltz- 
gitter were investigated by heating 
compacted specimens electrically to given 
temperatures and examining their structure. 
Reducibility of the ores in relation to sintering 
temperature was studied (25 refs). 

Theory and practice of fluxed sinter produc- 
tion D. G. Khokhlov and V. Ya. Miller (Stal’, 
1955, (6), 488-497) The mechanism of inter- 
action of lime with iron oxides has been 
investigated and conditions worked out for 
preparing fluxed sinters with high metallur- 
gical properties from different oxidizing ores. 
At the moderate temperatures developing in 
the layer of the sintering charge, lime reacts 
with haematite forming calcium ferrites with 
a relatively low melting point. The grain size 
of the lime must not exceed 3 mm and that of 
the ore 6-8 mm. Calcium ferrite formation 
allows, among other things, the formation of a 
fluxed sinter of any required basicity and not 
subject to disintegration by moisture. It 
lowers the initial temperature of the liquid 
phase, thus favourable affecting the intensity 
of the reaction and hence the quality of the 
sinter. 

Development and present practice of clay 
band iron ore sintering in the Sieg District of 
Germany H. Gleichmann and W. Hellmund 
(Z. Erz. Met., 1959, 12, June, 261-267) The 
changes in the sintering practice of clayband 
iron ore in the Sieg district during the last 
forty years are reviewed. The purely empirical 
methods used previously are being more and 
more replaced by processes based on scientific 
research. Data of the sintering furnaces in 
present use are presented in a table.—T.«G. 

Determination and separation of carbon mon- 
oxide decomposition as well as the decomposi- 
tion of water of hydration and carbonate, and 


ores 





the water gas reaction in reduction trials on 
iron ores and sinters i. Schurmann, H. Beer, 
and G. Heynert (Arch. Hisenhiit., 1959, 30, 
June, 321-327) It is shown how the reactions 
taking place simultaneously in iron ore and 
sinter reduction trials can be evaluated by 
determining volume changes from a nitrogen 
balance, and from the chemical composition 
of the waste gases. 

Composition of the gas phase in the produc- 
ig! of fluxed sinter from Krivoi-Rog ores 

Kramnik (Stal’, 1959, (8), 673-676) The 
aan composition is prac tic ally the same 
for both fluxed and unfiuxed sinter produc 
tion. Gas samples were taken and analysed for 
CO and CO, and excess air was computed 
from O,. Increase 
leaks would be needed for increased produc- 
tivity. The air needed is regulated by the per- 
meability of the mix and only when all 
possible air is sucked through is optimum 
production achieved. 

Reconstruction of a sinter-machine fan 
A. V. Drimbo and D. P. Pritykin, (Stal’, 1959, 
(7), 591-592) A design with wider and thicker 
blades is described. 


FUEL PREPARATION, 
PROPERTIES, AND USES 


Metallurgical fuel developments: main lines 
of the post war years D. W. Gillings (Wee. 
Prog., 1959, 75, Jan., 111-115) The fuel 
problems and fuel developments in the British 
steel industry are reviewed. The use of 
electric heat is included in this review.—7.G. 

Selective preparation of coal A. Jowett 
(Trans. Inst. Min. Eng., 1958-59, 118, 
April, 466-477, discussion 477-480 Che 
separation of banded constituents is especi- 
ally considered. 

New material handling facilities A. D. 
Shattuck, (Jron Steel Eng., 1959, 36, April, 
79-82) The design of the materials handling 
equipment for unloading and stocking lime 
stone and coal for the Great Lakes Steel 
Corporation is described and illustrated. 

The maximum permissible lateral loading of 
coke-oven watis. 1. Determination of the 
maximum permissible lateral loading of a coke- 
oven wall W. Ahlers (Stahl Hisen., 1959, 79, 
April 2, 397-405) The load-carrying capacity 
and the limiting, i.e. the maximum, permis- 
sible lateral loading of coke-oven walls 4-5 m 
high are determined mathematically. The 
results obtained are in good agreement with 
published results of experiments. The com- 
pressive relatively small, but the 
bending stress resulting from lateral pressure 
may easily reach extremely high values, i.e. 
the bending stress is the limiting factor. HL. 
Means of modifying the limiting loading of 
coke-oven walls (ibid., April 30, 622-629) 
Constructional means are discussed ‘which 
allow to increase the limiting transverse load 
of coke-oven walls. In Part 1 it was shown that 
this load is very low.—t. a. 

Relations between coal preparation, coke 
ovens and blast furnaces W. Reerink and K. 
Lemke (Inst. Nac. Carbon. Bol. Inf., 1959, 8, 
March-April, 47-64) A report on the 1958 3rd 
International Coal Preparation Congress. 

Design standardization of coke quenching 
locomotive RK. G. Zahner and R. K. Waldman, 
(Iron Steel Eng., 1959, 36, April, 142-143) A 
simplified standard design developed by the 
locomotive and car equipment department of 
General Electric Co., of 
described. 

Determination of coke oven productivity 
from coal charge characteristics A. H. Brisse 
(Blast Furn. Steel Plant, 1959, 47, April, 
376-383) The interpretation of laboratory data 
on carbonization in assessing coke oven 
productivity is discussed and illustrated by 
two hypothetical examples typical of American 
coal blends. 

Automatic control of the air supply for heat- 
ing coke ovens 1. M. Amstislavskii (Stal’, 1955, 
(6), 483-487) An arrangement is described for 
the automatic control of the air supply to coke 
ovens by means of special inlet valves adjust- 
able by the gaseous fuel flow. Diagrams with 
calculations are given. 
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Standardization of heating grees and con- 
trol in a coke oven battery ©. Mosyakov 
(*Koks i Khimiya, 1958, (7), ss. 29) A mag- 
netic gas analyser was used to determine O, 
in the products of combustion and gas pres- 
sures and volumes at various points were also 
observed. Control based on coefficient of 
excess air is shown to be effective, and regula- 
tion is by observation of drop of vacuum 
between ascending and descending streams in 
the regenerators 

The coking of coals as a colloid-chemical 
process V. F. Kustov (*Aoks « Khimiya, 1957, 
8), 18-20). 

Shrinkage during coking P. F. Volodin 
(*Izvest. Akad. Nauk, Otdel. Tekh., 1950, 
1024-1033) Cracking as dependent on vertical 
shrinkage, bulk density, moisture, true sp.gr., 
and evolution of volatile matter is discussed. 
A method for increasing porosity of coking gas 
suggested, yielding good coke. A 
laboratory method for determining shrinkage 
is evolved. 

Coke from bituminous coal: method of 
determination of the mechanical strength by 
testing in a drum Standardizing Authority at 
the Soviet of Ministers of USSR (*Standard 
GOST 5953-51). 

Thermodynamic examination of some reac- 
tions in the coking process A. — (Koh. 
Lapok, 1959, 14, May, 210-216) The theory of 
the equilibrium of homogeneous, oe gene- 
ous, and complex reactions in the ediing pro- 
cess is discussed in detail. —P.x. 

The work of the Britich Coke Research 
Association G. W. Lee (.J. Inst. Fuel, 1959, 32, 
April, 154-160, yeah sy 169-164) A survey 
of the Association and a general account of its 
work is given. 

On the methods of analysis of metallurgical 
coke utilising X-rays M. F. Kessler and 
Vetertikové (Hutn. Listy, 1959, 14, (3), 198 
201) [In Czech] A number of refinements im- 
proving the accuracy of X-ray analyses of coke 
quality are suggested in the light of the 
authors’ researches.—P.F. 

Experiences with the Thylox gas-desul- 
phurising plant in Dunapentele, Hungary ?. 
Gerencsér (Koh. Lapok., 1959, 14, May, 220 
223) The author discusses the theory, and 
describes the practice, of the arsenious-soda 
process used for desulphurization of coke-oven 
gas of 16-20 gr/m* H,S content in the Thylox 
plant at Dunapentele, Hungary. The efficiency 
of the process is 99-9°%,, and the composition 
of the sulphur produced is as follows: moisture, 
0-10°,, ash 06-12%, As 0-05°%, and total 
sulphur 99-6°%. At the present time, the 
problem of corrosion is still unsolved, and the 
danger of gassing has still to be 


coals is 


overcome. 


AIR POLLUTION AND SMOKE 


Air pollution R. Morilla Soler (Acero Energ., 
959, 16, Jan.-Feb., 48-53) [In Spanish] The 

author gives an indication of the seriousness of 
the problem and modern methods of dealing 
with it. Types of contaminant are listed and 
fall-out described. A brief discussion of the 
legislation and planning and siting of indus- 
tries in relation to air pollution is given.—p.s. 

The problem of maintaining clean air, with 
special reference to iron works and particu- 
larly to steelworks operations. 111. Removal of 
dust from the fumes from electric arc furnaces 
K. Guthmann (*Radex Rund., 1958, (7), 323 
347) The composition and concentration of the 
flue gases from electric hearth furnaces are 
examined, with reference to the effect of 
oxygen practice. Dust removal techniques, 
particularly in British and American plants 
are discussed, and the results obtained are 
summarized (41 refs)... p.H. 

Technical guide for keeping the air clean 
H. Guthmann (Stahl Eisen, 1959, 79, June 25, 
949-951) A review of the work done in Ger 
many against air pollution. It is pointed out 
that a law on this subject cannot have any 
success unless the technical means of prevent- 
ing air pollution are available. A number of 
committees are working on the problem from 
various angles.—T.«G. 

Practical problems of industrial dust control 
A. Vallaud and M. Malagié (Usine Nouv., 1959, 
special No. Spring, 149, 151-153, 155, 157, 
159-161, 163, 164) A general account of 
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methods available and methods of application, 
with accounts and illustrations of apparatus 
and installations, not all metallurgical. 

The problem of dust in metallurgical work 
M. Havelka (Hutn. Listy, 1958, 13, (9), 778 
786) Dust emission tis particularly 
from integrated steelworks, and measures for 
minimizing it are considered. It should be 
possible to reduce emission from present levels 
by about 50°, without prohibitive 

Problems of dust removal in LD-steelworks 
H. Schaden ( Berg. Hiitten. Monatsh, 1959, 104, 
Feb., 18-21) In this introduction to a series of 
papers on dust removal problems in the LD 
process, the author gives a general survey of 
dust-removal systems in use in LD plants in 
various parts of the world. 

Dry Lurgi electrostatic dust removal in the 
LD process F. Kolbe (Berg. Hiitten. Monatsh, 
1959, 104, Feb., 26-31) An account is given of 
re performance of the Lurgi dry electrofilter 
in the LD process Economic factors are con 
sidered. 

The dust removal plant of Bochumer Verein 
R. Harr, K. Wagner, and T.-K. Willmer ( Berg 
Hiitten. Monatsh., 1959, 104, Feb., 50-55) An 
account is given of the measures taken to 
remove waste gas fumes in the new 
Plant, which consis 
and an electric are 
additions. 

Solving thermocouple protection problems 
(Advanced Materials Technology, 1958, 1, 
May, 10) A note on short MgO tubes for 
thermocouple lead insulation 

Low temperature-EMF characteristics of 
chromel alumel thermocouples J. I. ‘ 
(Ind. Heat., 1959, 26, April, 688, 690, 706) 
Special tests on standard 
alumel wires indica 
the actual low temp 
istics of the allo 
by the National 
1934 G.¥. 
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REFRACTORY MATERIALS 


Fundamental considerations on the use of 
refractory materials. Part tl. L. 1D. Castells 
(Acero Enery., 15, No Dec., 47-50, 
53-60) This section applies the theoretical 
principles discussed in Part | (of tbid., Nov 
Dec., 1957, 715-729; Mar.-April, 1958, 181 
191) to practical examples. The 
illustrated by a ni 
tables giving the 
number of 


1958, 


article is 
umber of diagrams and 
composition and properties 
refractories; the diagrams 
include a nomogram for caleulating heat losses 
in furnace walls for a variety of conditions. 

Some investigations on metallurgical cements 
R. Stumper (Silicates Ind., 1959, 24, April, 
203-207) Experiments are described to com- 
pare the effect of grinding the constituents 
——— or together on the quality of cement 
produce¢ 

Pretabricated refractory linings for furnaces 
N Thompson (Jnd. Heat., 1959, 26, Feb 
362 wt 3) Prefabricated panels of refractory 
concrete are used to construct a billet pre 
heating furnace operating at 600°¥ A.D.H. 

Pretabricated dolomite biocks for the lining 
of steel-melting furnaces 1. Weigl (Koh. 
Lapok, 1959, 14, April, 148-153; May, 205 
210) The author reviews the composition and 
properties of the 
dolomites, as 
sintering 


of a 


Hungarian raw and sintered 
well as the dolomite 
methods. Afterwards, he describes 
Hungarian experiments on the production and 
use of semi-stable dolomite bricks and pre- 
fabricated _ ymite blocks. From the experi 
mental results, those obtained with prefabric- 
ated ceniae hearth-blocks, used in electric 
arc furnaces, are the most promising.— P.K 

Properties and quality of silico-aluminous 
refractories (Fonderie, 1957, June, 270-271) A 
brief account is given of the general structure, 
resistance to temperature, thermal shock and 
corrosion and the mechanical strength of 
silico-alumina refractories. 

New magnesite brick press T. P. Mann 
(BHP Rev., 1959, April, 20-21) A _ press 
installed in 1958 made by W. Johnson & Sons 
of Leeds is described. 

Use of Corhart refractory blocks in the shaft 
of a blast furnace at Isbergues (Centre Doc. 
Sidér. Circ., 1959, 16, (2), 371-379) An account 


various 
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is given of the results of a trial with two types 
of low-porosity Corhart blocks in the shaft of a 
blast furnace, the ‘Standard’ type made from 
fused alumino-siliceous material, and the 
‘Zac’, of fused alumino-siliceous material with 
32-34%, zirconia. Both types showed a high 
resistance to chemical attack and to wear, but 
had low resistance to thermal shock and were, 
respectively 2} and 4 times as expensive as 
normal alumino-silica bricks. 

Utilization of cellular brick in the roofs of 
open-hearth furnaces I’. Honig (Centre Doc. 
Sidér. Circ., 1959, 16, (2), 429-444) Experi- 
ments are described in the use of suspended 
basic brick open-hearth roofs (11 refs). 

The production of fire clay with a high 
alumina content F. Stebel (Hutn. Listy, 19: 
14, (3), 273-276) [In Czech] Additions of 20°, 
of Al,O, to the lean clay, and further additions 
to the binder were found to improve the wear 
resistance of teeming nozzles. The quality of 
bricks for soaking-pit roofs and OH checkers 
is considerably improved by such additions. 

The production of alumina by the two-stage 
method K. Ma&sl and ©. Pich (Hutn. Listy, 
1959, 14, (3), 188-198) [In Czech] A cheap 
method of utilizing silica-rich bauxite, de- 
veloped by the authors, is described.—P. F. 

A study of the influence of firing temperature 
of magnesite chromite bricks on their working 
life in the roofs of 400-ton open-hearth 
furnaces K.S. Nazarovy (Stal’, 1959, (7), 615) 
A note from Magnitogorsk. Bricks fired at 
1650-1700° showed 27-34%, less than 
similar bricks fired at 1540-1 580°C, 


wear 


TRON AND STEEL, GENERAL 

Trends in the iron and steel industry \M. 
Allard Nouv., 1959, special No., 
Spring, 209, 211, 213, 215-216) A review of 
recent advances in blast furnace 


(U'sine 


practice and 
direct reduction methods, of OH and converter 
methods and the use of O, and of casting and 
rolling, all in general terms. 

iron and steelmaking prospects P. [pron 
Mem. Soc. Ing. Civils France, 1959, 112, (1), 
11-16, also Bull. No.l, 22-31; Civil, 
1959, April 1, 158-160) A general review of the 
factors affecting the dev elopment of the steel- 
making industry is followed by 
of French steelmaking problems. 

The French iron and steel industry (('sine 
Nouv., 1959, specia o., Spring, Xxv-xxvill) 
An account of the Lorraine industry with 
coloured illustrations of furnaces, ete. 

The activities of the Verein Deutscher 
Eisenhiittenleute during 1958 (Stahl Eisen, 
1959, 79, April 30, 585-621) The Verein 


increased its membership to 8737 during 1958, 


Grenve 


consideration 


its activities during this vear may be charac 
terized under the 
iron steel 


quality of steel 


heading: Improvement in 
works and in the 
The activities of the individual 
reported in detail r.G 

The introduction of British metallurgical 
a into Austria |. KruliS-Randa 
(JIST, 1960, 194, Jan., 43-45) [This issue 

The iron and steel industry in Latin America 
E. D. Bia (Institute de Ensayo de Materiales 
University of Montevideo, 1958, pp. 12) [In 
Spanish] A brief account of the present pro 
duction and plans for development is given for 
each country in turn (14 refs P.S. 


Technical progress in the iron and steel 
industry must be accelerated (Stu/’, 1959, (7), 
575-576 discussed at the Central 
Committee meeting of the Communist Party 
are noted and developments in the various 
centres of the industry are indicated 

The saga of an effort K. N. Subbaraman 
(Tron Steel Rev 1959, 4 Feb., 807-809) Dith 
culties other than technical in the completion 
of the Bhilai steel project are noted. Rourkela 
and Bhilai: two landmarks in India’s steel 
production (815 82! 

NML and march of technology (/ron Steel 
Rev., 1959, 2, Feb., 797-799) Work done at 
the National Metallurgical Laboratory, Jam- 
Fatig rine new 
high-tensile structural steel, 
less clad mild steel, Mn ore 
ore sintering are referred to 


and practice 


committees are 


shedpur is outlined testing, a 
\l-clad and stain 


beneficiation and 


BLAST-FURNACE PRACTICE AND 
PRODUCTION OF PIG IRON 


Blast furnace erection using a 60-ton 
capacity erection crane J. D. Norgard (Blast 
Furn., Steel Plant, 1959, 47, April, 393-395; 
399-400; 410-411) A_ detailed account, 
illustrated fully by diagrams, is given of the 
reconstruction of No.2 blast furnace at the 
Newcastle Works of BHP, using a 60-ton 
crane. The construction and operation of the 
crane are described. 

Blast furnace operation with moisture-en- 
riched biast 1D. Reje and M. Gorup (Rud. Met. 
Zhbornik, 1958, (4), 429-438) After a review of 
literature sources relating to operation with 
humidified blast, a description is given of com- 
parative experiments conducted at Zenica. As 
a result of incre asing the humidity from 6-2 
23-3 g H,O per m* 3 and the blast te mperature 
by 120°C (or by 7°C per g ae 20/m4), the results 
were: increase in output 9°5 fall in coke rate 
5 4% »» Inerease in vag eomsbusiion rate, 

®., fall in top temperature 16°,, a drop in 
the ( ‘O: CO, ratio from 2-71 to 2-46 with a 
corre’ sponding increase in the CO, content of 
the blast furnace gas, and a fall of : 3°75%, in 
production costs. The running of the furnaces 
became much more even.—M.T. 

A blast furnace with a hearth diameter of 
9mC. Winters (Stahl Eisen, 1959, 79, June Il, 
880-881) A short description of a new blast 
furnace built by Gutehoffnungshiitte Sterk 
rade, Oberhausen, for August Thyssen-Hiitte 
at Duisburg-Hamborn giving all dimensions 
and other data. A diagram completing this 
information is included. The output of the new 
furnace varies between 1500 and 2000 t/day 
according to the burden charged.——T.«G. 

The economics of blast furnace go 
F. Gémes (Koh. Lapok, 1958, 13, Dec., 548 
554) In this second part of the paper the 
author deals first with the reduction of Mn. 
Afterwards, in summing up the results of the 
investigations, he states that the most eco- 
operation of a 700 m® blast 
furnace , is 1000-1050 ke 
m3/h. Sintering of ores, steam injection, and 
other technical innovations can shift this rate 
to a higher level. — Pp. 

Study . processes. in the blast furnace 
hearth A. Potapov (Stal’, 1959, (7), 594) 
note from ais tl on a tracer studs of 
degree of mixing in the hearth. 

Increasing the durability of blast furnace 
charging gear A. I. Dikalov and D. A. Storo 
zhik (Stal’, 1959, (7), 590-591) Defects develop 
ing at the rim of the bell and hopper are noted 
and recommendations for improved design, 
having a wider angle at the contact surface 
and better hard facing are made. 

The effects of humidified blast A 
(JIST, 1960, 194, Jan., 37-43) [This issue 

investigation of the blast furnace process 
when working at high biast temperatures A. F. 
Yushin (Stal’, 1959, (7), 593) A note from 
Magnitogorsk. Increase of blast temperature 
to 1000°C required an increase in the amount 
of fluxed sinter used which delays slag forma- 
tion. Coke consumption fell 1-7° 

Distribution of heat exchange in a blast 
furnace J. Szezeniowski, (Centre Doc. Sidér 
Cire., 1958, 15, (12), 2477-2499) An investiga- 
tion of heat exchange between gas and charge 
at various temperatures is made, and the 
results of the analysis applied to a study of the 
influence of blast temperature on coke con- 
sumption, influence of oxygen-enriched blast, 
injection of into the blast and other 
fac tors. 

Stuffing box pneumatic seal for the blast 
furnace charge distributor M.S. Voronoy 
(Stal’, 1959, (5), 397-398) A seal for the 
rotating hopper for use with high top pressure 
is shown. 

Determination of the effective weight of the 
charge in a working blast furnace N. N. 
Babarykin, A. A. Agashin and F. A. Yushin 
(Stal’, 1959, (4), 289-291) Expressions for 
effective weight and for downward and lateral 
given, and 
static pressure at various levels and also of gas 
pressure were made from which the friction of 
the charge against the stack could be calcu- 
lated, both at rest and moving (0°428 and 
0-385 respectively) There was not much change 


nomic rate of 


using raw ores coke 


Grieve 


steam 


pressures are measurements of 
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with level. At the softening point measure- 
ments could not be made and friction increased 
greatly but indirect evidence was available to 
cover the whole column. 

Contribution to the aerodynamic study of the 
blast furnace A. Boissin (Rev. Ind. Min., 1959, 
41, Feb., 157-170) Implications of the effects 
of dust in the furnace in limiting the move- 
ment of burnt coke through the blast furnace 
are discussed, and methods of reducing these 
effects are indicated. 

On the question of the temperature of the 
blast in blast-furnace blast pipes A. V. Chentsov 
B. A. Fel’dman and 8S. V. Shavrin (Stal’, 1959, 
(6), 495-496) The heat loss from insulated and 
uninsulated pipes is considered and methods of 
temp. measurement are discussed. The caleu- 
lated and observed values are in good agree- 
ment. A modified suction thermocouple has 
advantages. The saving of coke by insulation 
of the blast pipe corresponded to the caleu- 
lated amount. 

Influence of blast temperature on the dimen- 
sions of the blast furnace oxidizing zone |. F. 
Koval’ (Stal’, 1959, (6), 497-500) Other factors 
being equal rise of blast temp. causes a rise in 
hearth temp. and a restriction of the 
bustion zone which is brought about by 
increase of rate of reaction of O, and CO, with 
the coke. A rise caused by cooling of the furn 
ace or increased slag basicity reduces com- 
bustion intensity and resembles those due to a 
fall in blast temperature. These results from a 
model furnace disprove predictions from work 
at Novo-Lipetsk which suggested that the 
oxidizing zone would expand. 

Reasons for hanging of the charge in blast- 
furnace operation with oxygen-enriched blast 
M. A. Shapovalov (Stal’, 1959, (5), 393-396) 
Contrary to the views of Trekalo, hanging 
appears to be due to formation of a relatively 
impermeable layer above the plane of the 
tuyeres on account of lowering and contraction 
of the slag-forming zone and the condensation 
of siliceous vapours within it. Improvement of 
the furnace lines, increase of the number of 
tuyeres, and temperature redistribution by 
fuel and lime injection are recommended. 

Blast furnace stack cooling. Translation of a 
paper entitled ‘We must not be influenced by out- 
worn conditions’ G. Oreshkin (* Pomyshlenno- 
ekonomicheskaya qazeta, 1958, Dec 21) To 
maintain the dimensions of the lower part of 
the blast furnace plate, plate coolers were used 
successfully at the Dzerzhinskiy works. This 
success is attributed to the production of a 
rational shape, and certain ratios of throat and 
bosh diameter to hearth diameter are proposed; 
other recommendations are also made. 

Investigations and checking of the blast- 
furnace process with the aid of a 
isotopes and radiations I’. L.. Gruzin, V. 
Afanas’ev and S. V. Zemskii (Stal’, 1959, = 
291-297) Rate of movement of charge, lining 
wear, gas movemen and coke 
and sinter quality measurements are ex 
haustively reviewed and further possibilities 
are noted. Safety precautions are also referred 
to. 

Primary slag formation when using fluxed 
sinter in the blast furnace Yu. M. Potebnya and 
T. I. Litvinova (Stal’, 1959, (6), 485-494) The 
range of composition of 
sinter 


com- 


t, stock-line level, 


formed from 
than those 
promote easier 
sinter of 0-9 


slags 
charges is much narrower 
formed from crude ore and 
furnace control. Working with 
basicity slag formation begins in a narrow ring 
in the lower half of the stack and spreads out 
lower down to a thickness of | m from the 
lining, the 
levels is not the equilibrium composition. With 
a basicity of 1-0 the 
down. The slag formed in this re 
in composition to the 
furnace axis the 
composition, 
On the problem of the melting of biast- 
furnace hearths V. Friedrich (Hutn. Listy, 
1958, 13, (9), 800-803) It is shown that melting 
of the hearth generally takes place in the 
vicinity of the tap-hole in ordinary and carbon- 
lined hearths. Faulty linings, incorrect main 
tenance of the tap hole or, in the case of new 
furnaces, incorrect blowing-in procedure are 
shown to be the 


slag composition between these 


zone is somewhat lower 
yion is similar 
Nearer the 
of different 


final slag 
slags formed are 


main causes of such damage. 





High temperature biast furnace stoves N. 1D. 
Kirichenko and E. Kochinev (Stal’, 1959, 
(4), 298-305) Proposals submitted in a compe 
tition for the design of stoves for large 
are outlined 


furnaces 
Proposals for the use of high 
calorific value gas to reach 1200°C, and lining 
and construction by N. K. Leonidov; im 
provements tn the separate stoves of a con- 
ventional lay-out by N. D. Kirichenko; si 
and two-stage heating arrangements ‘te 
attaining L100;C by E. A. Nitskevich and 
V.K. Zaitsev in ntional 
construction; and a single con t ‘ and 
beating installation suggested b D 
kov et al. are described 

Purification of the return water in an installa- 
tion for cleaning blast-furnace gas during the 
smelting of ferromanganese (). |). Paviov and 
G. G. Pervov (Stal’, Purifi 
eation by 6m dia and 


stnaller stoves 


1959, (6), 574-575 
sedimentation in tanks 2 
25 m deep and 
improves described. Coagulati 
FeCl,, FesS¢ yg or AI, S¢ )y Was a used but very 
large dosages were needed. Filtration through 
a coating of preformed ie was better 
Recent developments in the Hoganas process 
and comments on the use of sponge iron in 
steelmaking. Adaptation to Brazilian condi- 
tions A. C. Lopes (* Bol. A.B.M., 1958, 14, 
Oct., 573-614) The Hoganas direct reduction 
deseribed, the properties of the 


resulting sponge iron ymics of the 


various investigations and 


nts are m with 


process is 
and the econ 
discussed, and its applicability to 
sgrazilian conditions reviewed 

Reduction of fines in two stages based on 
carbon monoxide (CO-C tron process) I. Wicke, 
K. Hedden, and G. Lith (*Stahl Eisen, 1959, 
79, Feb. 5, 129-134) A new reduction process 
particularly suited for the working up 
is described. Fe,O, is treated with CO at about 
FeO and C is formed which, in tl 
800°C reacts forming Fe 
and CQ. It was found that the C dey ed or 
precipitated on the Fe) in the 
more active than any ( 

ethods. Heat balance 
grade coal or lignite are discussed I 

The application of the fluidization process 
using hydrogen and carbon monoxide bearing 
gases to the reduction of iron ore on an indus- 
trial scale J. Willems and G. Quade (Stahl 
Eisen, 1959, 79, July 23, 1058-1064) The 
iples involved in this new process are 
explained and industrial plants des 
‘ribed and compared with respect to 
tional details r.¢ 

Reduction of iron ore in the electric furnace 
in Norway. The iron and steel works at Mo ! 
Rana (J. Four Elect., 1958, 63, Nov. Dee 
220-224) The development of the Mo I- Rana 
\ S Norsk Jernwerk, the 
als available, and the 


process art 


of fines 
55070, ve 


second stage, above 


first stage far 
added by con 


s and the ust 


prine 
some 


opera 


works of raw mater 


layout of the plant are 
described 

Solid state reduction of ilmenite (:. 
(JIST, 1960, 194, Jan., 50 This issue 

Comments on A. G. Gerasimov's article 
‘Prospects for the production of pig-iron in 
electric furnaces’ I. F. Krasnykh and M. 8. 
Morguley Stal’, 1959, (5), 398-399) It is 
argued that the 
Gerasimoy are not 


Ostberg 


discussed by 
general and that the 
increased conductivity of the melt does not 
prevent the supply of heat to the furnace bath 
With proper design there should not be a limit 
to furnace size and stions for 

investigations are made 
Experimental hot metal pretreating tower 
T. M. Gaines and D. C. Hilty (AJ ME Open 
Hearth Proc., 1958, 41, 411-421) A tower for 
bringing motte n metal into contact with Og, is 
described. It is 22 ft high and 16 im. dia. Og 
| bottom from 4 


conditions 


Various sugye 


was blown in at the 
cooled tuyeres and perforated plates at the top 
divided the metal into droy lets which fell 
shaft. The practicability of the pro 
cess was proved. Brown 
evolved but colleetion 

Movement of charge materials and optimum 
blast furnace working conditions \. A. Chere 
pivskii and A. M. Skrebtsoy Stal’, 1959, (8), 
676-683) Data obtained by tracer studies of 
ments of burden in the blast furnace are 
now handled to derive general rules for move 
ment in relation to operational factors and to 
find optimum conditions. The data are shown 
as curves of rate of descent at 


water 


down the 
to black fumes are 


is simple. 


move 


various levels 


and along used to 


must be 


distribution are 
ditions. Charging 
used as well as blast regulation for satisfactory 
control. Under optimum condition 
limestone descend at the same rate 


Finding optimum slag conditions for the 
Te ow; blast furnaces N. N. Babarykin 
(Stal’, 1959, (7), 593-594 10te on labor 
atudics of S uptake 
basicity t 1-12 ar 
scale test ave a redut 
to 0-022 0-028 S with 


with O, 
follow operating con 


tivity of 0-6-1-5 al 
tion of 1-2 

Principles of heat transfer 
efficiency of the blast furnace |: 
R. Kumar, and S. G. Mukher 


Ind nst. Met., 1958, 11, 


i rise 


echan 
tat 
i in blast temperat " 
Vgen enrich er dad decreasing quantity of 


" 
ag 4.D.H 


Aeconenanent for maintaining the required 
level of materials in blast-furnaces and other 
shaft furnaces |. 8B. Aronov and M. V. Domon 
tovicl Stal’, 1959, (7), 593) A capacitator 
arrangement v 1twe airs oty 


ent levels onnectec i trically na bndge 


ates at differ 


cireult is Usé 

The power seek. Blast yo was regula- 
Sen J: Gr. Coutant Bl n. S lL Plant, 

, 47, April, 396-398 A xderr 

peep nare discussed 

Study of the nature and rate of wear of the 
refractory lining of blast furnace stacks |.. Kk 
Strelkoy Stal 1950, (7), 504 Tracer studies 
using 36 Co sources : I poimts 
made, The 
atiaiie ts 
campaign 

Study of the wear of biast furnace hearth- —~ 
Haing 7 the tracer method \. A. Z| \ 

t 94) Penetrat 


ana 


gas turbines 


attach 


gray hite 


Copper, arsenic and antimony in ores, iron 


and steel. Part I. Refining of Yugoslav ores to 
remove arsenic. ('. Rekar (Hud. Met. Zbornil 
1958, (4), 401-415) Since As wh aig tcaigrt re 
Diast turnace emains " ‘ n almost the 

e content mn 1e pig tron, ores containing Si 

eh are commo im parts of Yugoslavia 
must be treated prior to addition to the blast 
furnace burden. Research was conducted into 
the disso d sublimation ten 
of As « 


iation al perature 
grams were prepared 


ixtures witl 


ompounds, therm<¢ 
r these and n iron oxides and 
pyrites, and a study was made of the reactions 
As 03, As.Ss, FeAss, and additions of 
» siderite, chamotte, limestone, lime 
magnesite, magr oxide, and silica 
2emoval of As became increasingly difficult in 
the presence of CaO, CaCO,, MgO, and MgCO 
in that order, so that limestone should not be 
added to sinter mixtures, where As 
ores are used, nor can self-fluxing 
produced if As is to be removed. Tests were 
also conducted on the removal of As 
pyrites and pyrrhotites, and this was found to 
be proportional to the S remo 
ent on volatilization of sulphide 
Where the As content of such ores is high, the 

sidual As after roasting is so high that the 
ores can only be added to the burden in very 
small quantities. Pyrites should be 
from the pyrrhotites at the 
have a low enough Si content to be 
the burden in considerablk 
tory and semi-production experiments showed 
that up to about 70 of the As. may be re 
moved by sintering but where lime 
stone is added this falls to about 57°,,. Deter 
of the As content in amounts of less 
than 0-02°, to three decimal places is diffi 
cult M.T 

Automation of blast-furnace process control 
with the aid of continuous computation of iron- 


etween 
Fe,©.,, 


1esium 


containing 
sinter be 


from 


al, and depend 


arsen 


separate d 
as the latter 
added to 


Labora 


mine, 


q lantities 


iron ores, 


mination 
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reduction cooMelonts M. P. Levitskii 

1959, (7), 583 586) Control from mate 

itations and fre 

equati discussed. The 

calculated for the whole process or for different 
of the furnace The work of Pavlov is 
ed in partic used as the 


marameters tn can 


Stal’, 
rial and 
heat-balance comp m empirical 


balances may be 


ular and 


x pla 

Up- e- date automation and _ grey 
in blast-furnace plants (). ‘Tot! 
1959, 14, April, 143-148) The a 
the automation and imstr 

nt ied in tl inay 
pl »~Hw t Pot 

50- jon pig- won facie tranaperter fn welded con- 
Struction WV. Cur , 1959, 
11, June, 262 26 ayn and construction of 
the welded bogie are deseribe with illustra 
tion \ welded construction was also used for 
the ladle, with the exes 


Schneiden 


ption of the 
Report on the explosion of the Cowper stove 
stack of blast furnace No.2 of SMK, which 
occurred on ren February 1957 M. Laborn 
1959, 16, (2), 381 


300 t ent is described, auses di 


fittings 


Centre Do \ 


ed 

The causes of explosion in the blast furnace 
‘A’ in the metallurgical plant ‘POKOJ’ on 16th 
February 1958 [. Terlecki and W. Wozniack 
Hutnik, 1959, 26, 2), 49 458 The expl ! 


irred during the 


art 


the 


Report of the accident to a cyclone of blast 
furnace No.2 of the Sté Métaliurgique de Knut- 
“— ween occurred on ome February 1957 
M ‘ 1959, 46, 


(entre jjoc, S&S f 


nis tig n into it discussed 
Smelting low- -manganese pig iron under 
Southern conditions |. 


M. Freidin an 
Basten (hie 


Al 


1959, (7), 587-589 


used t contro 


ee insulation of or stoves P. De 

sine Nouv., 1959, 15, 25, 97-98 
toate in old stoves and ade 
construct nin ew of the ri 
temperature are discussed we 
shown and the tempe 
indicated 


rature 
Relatively thin walle 
and the re 
onsidered 
A hundred years of Cowper biast heating 1875- 
1987 ( Publication of Brohltal AG fiir Stein- und 
Tonindustrie, 1958, pp. 128). Evolution of blast- 
furnace blast heating up to the invention of the 
Cowper stove H. Dickmann (1 12 


Cowper designs are 


yradien 
d construction 


quirements and advantage 


he original 
‘ included. The scientific 
basis of modern Cowper stove construction \ 
Schack (13-20) The characteristi equations 
are derived. Flow processes in the Cowper stove 
M. Hansen (21-32). Control of Cowper stove 
plant K. Guthmann (33-52 
locations and the 


Various situations, pressure 


Thermocoupl 
interpretation of readings in 
and the 
Construc- 
tion of Cowper stoves and regenerators and 
refractories for them J. Degen (53-67) Methods 
of checkerwork construction are shown and 
properties of suitable materials are tabulated 
Heat insulation of stoves F. Meyers (69 74 

Shell materials for Cowper stoves and their cast 
iron supporting grids of haematite iron | 

Junker (75-79) Burners and reversing arrange- 
ments for Cowper stoves B. Scholl and L 
Walther (81-95) The evolution of Cowper stove 
construction on the basis of works experience 
and lavestigations by ARBED, Luxembourg 
M. Steffes, A. Graff, and J Pay uet (97-103 


indicators, 


various control svstems are shown 


Journal of The Iron and Steel Institute January 1960 





110 ABSTRACTS 


Results of Cowper stove investigations K. 
Kessels (105-128). 

Production of foundry iron outside the biast 
furnace L. A. Lepikhin (Stal’, 1959, (7), 593) A 
note from Magnitogorsk. Addition of ferro- 
silicon to the stream of pig iron running into 
the ladle gave 5200 tons of satisfactory metal 
for foundry purposes. 

Low-shaft furnace pilot plant (/ron Steel 
Rev., 1959, 2, Feb., 823-829) A brief descrip- 
tion with an account of the opening of the low 
shaft furnace plant at the National Metallur- 
gical Laboratory, Jamshedpur, India. 

Metaliurgy of low-shaft furnaces M. Szele 
(Koh. Lapok, 1959, 14, April, 121-126; May, 
193-197) A comprehensive review is given of 
the metallurgy and development of low-shaft 
furnaces installed up to the present all over the 
world.—-P.K. 

Automisation of mixing and charging 
installations of the low shaft furnaces at Calbe 
(Saale) and its economic effects W. Schilling 
(Neue Hite, 1959, 4, Jan., 22-28) Details are 
given of the mechanization of equipment at 
Calbe to give improved uniformity of working 
and increased production. 

Analysis of the operation of venturi washers 
located in the primary gas cleaning plant of a 
blast furnace Z. Fron (Hutnik, 1959, 26, (1 
13-22) The author describes the blast-furnace 
gas-cleaning plant at the Kosciusko Lronworks, 
operation of the venturi 
washers on the basis of the measurements made 
ot gas pressures, temperatures and flow rates 
and the dust content of the gas. New designs 
for the water nozzles in the central part of the 
flumes are illustrated. The advantages of the 
pr onevece A method are considered to be high 
, low cost, and small ere with 
relative a water consumption. M. 

Temperatures of incipient reduction of metal 
oxides by solid — V. P. Elyutin, R. F 
Merkulova, and Yu. A. Pavlov (Proizv. i Obra. 
Stali i Spla ov Collen on of papers 38 from 
the Moscow Steel Institute, publ. Metallurgizdat, 
1958, 79-87) An accurate and sensitive tracer 
method using radioactive C is described. The 
value for Fe,0, was found to be 485°C. The ¢ 
was prepare d by treatment of (activated) 
BaCO, with HCl and immediate reduction of 
the CO, with Mg 

Basic theory and experiments on the reduc- 
tion of iron ore by hydrogen J. Wscieklica (Bol. 
1BM., 1958, 4, Oct., 427-452) [In Portuguese 
Phe thermodynamics and kinetics of hydrogen 
reduction are explained and an account of 
experimental tests of the reduction of powder 

d haematite is given. Variables 
include, mineral structure, 
ture, hydrogen flow rate, ore bed 
parti le size kor 50-70 


and assesses the 


ethcien 


studied 
reduction tempera 
depth, and 
reduction, the rates 
are approx. linear in the temperature range 
500-800°C but high reduetions are reached 
more quickly at 570°C; the decreased rates, at 
higher temperatures, are attributed to re- 
erystallization of the iron formed with conse 
quent diffusibility. A 
is being designed on 


decrease of hydrogen 
ontinuous, pilot furnace 
the basis of the results obtained in these tests 
The author concludes with a brief review of 
reduction 
tions of sponge 
direct 


the various direct processes and 
iron and 


reduction 


discusses the applica 
future trends in 
(21 refs PLS 

Draining and use of gas ar sludge at 
KMK I. M. Ushakov and . Verin (Stal’, 
1959, (7), 670-671) The con vteBa0m of the 
sludge, its treatment in radial settling tanks, 
and filtration are described Alternative 
methods of treatment are considered and 
estimates of costs are given. The water is 
returned to the blast-furnace 


possible 


gas cleaners. 


PROPERTIES, TREATMENT, AND 
USE OF SLAGS 


Investigations on the crystals of basic 
Bessemer slag (;. Trémel and C. Zaminer (Arch. 
Eisenhit., 1959, 30, April, 205 209) Crystals 
f various compositions were separated from 
industrial basic 
results of chemical analysis 
and of microscopical and radiographic 
examination are described and discussed. 

Research on the activity of components in 
fundamental system in iron blast furnace slag. 


o 
the cavities in samples of 


Bessemer slag; the 


1. Measurement of the activity of silica in > 
system of CaO SiO, and CaO -Si0,-Al,0, 
Sanbongi and Y. Omori (Sci. Rep. Res. hg 
Tohoku Univ., 1959, 11A, June, 244-263) The 
emf of suitable double cells was measured and 
probable ion species are identified. A diagrarn 
of iso-activity contours is constructed. 


DIRECT PROCESSES 


Direct reduction of iron ore to yield usable 
steel B. R. Nijhawan (Iron Coal Trades Rev., 
1959, 178, May 22, 1207; from NM L Technicé il 
Journal, 1959, Feb.1) Small-scale experiments 
in India in which ore was packed in a paper 
tube and surrounded with charcoal and heated 
finally to ~1100°C are described. Various 
native ores were used. 

From iron ore to steel in 35 minutes (Siecl, 
1959, 144, April 27, 100-101) A direct steel 
process is reported in which powdered iron ore 
is heated with an alloying powder (600 lb/t of 
ore). After slag removal the resultant steel is 
cast with an iron recovery of 80-98) A.G. 

The Hy! sponge iron process: A new step to 
steel M. W. Kellog, Co. (Pamphlet, [1959], pp. 6) 
An illustrated introduction to the natural gas or 
petroleum reduction process. 

The viscosity of slags in the Renn process 
F. Johannsen and H. Brunion (Z. Erz. Met., 
1959, 12, May, 211-219; June 272-279) Slags 
in the Renn process have properties entirely 
different from those of conventional smelting 
Iron and slag are separated outside 
the kiln by a special process, the viscosity of 
the slag should therefore be very much higher 
than that of conventional processes. The 
constitution of the slag, i.e. the ternary 
system SiO,-Al,0,-CaO is discussed and 
viscosity measure ments are reported. It is 
desirable that the slag should solidify to an 
amorphous state, for easier separation of iron 
and slag. The viscosity of svnthetie slags of 
this ternary system were studied as a function 
of an FeO content as well as MgO and TiO, 
contents. The slag coefficients are calculated, 
they r should be within the limits of 0-22 and 
0- i T.G. 

The oo, and prospect . Rotor steel, 
Part 1 I. Balsay (Koh. Lapok, 1959, 14, May, 
178 185) A comprehensive and critical review 
of the Rotor and Kaldo steel-making methods, 
based partly on technical publications, and 
partly on the visit of the author to the Ober- 
hausen Steel Works in 1958, is given.—P.K. 

Electric direct-reduction process produces 
steel or pig iron A. de Sy (J. Metals, 1959, 11, 
April, 265-269) A new direct reduction process 
is described, double-hearth, low-fre- 
quency induction furnace for the production 
of pig iron or steel. High-grade ore and fairly 
pure carbon are needed, and it is intended for 
comparatively small-scale production in areas 
grade ore but no 


processes 


using a 


2 
coking 


with supplies of high 


coal. 


PRODUCTION OF STEEL 


Steelmaking progress in 
Luxemburg Decker (Met. 
Jan., 65-70) The low-shaft furnace and its 
operation, the use of fine coke with 15% 
moisture and its economics are discussed and 
the new steelmaking process OCP (oxygen 
calcium process) are described in detail T.G. 

Scrap iron and steel (Met. Bull., 1959, May 5 
supplement). A Scottish view H. Brodie (\ 
Freedom at any price ©. A. Robinson (vii 
villi). Scrap supplies from shipbreaking \. 
Wilkinson (ix, xi, xiii) Still fun to be a mer- 
chant F. L. Levy (xix-xx). The international 
picture (xxi) 

New methods to improve the production of 
steel A. M. Samarin (Koh. Lapok, 1959, 14, 
April, 127-134) This second part of the paper 
deals with the degassing of rimming steel, rail 
steel, and transformer steel in the ladle under 
vacuum conditions, as well as with the casting 
of steel ingots up to 200 t in a vacuum cham- 
ber. All techniques described are used in Russia 
at the present time. A Russian method for the 
production of low-carbon ferrochrome, by 
refining high-carbon ferrochrome in a vacuum 
furnace, is also described. Using this low- 
earbon ferrochrome, the Russians have been 
able to make stainless steels that are resistant 


Belgium and 
Prog., 1059, 75, 


Journal of The Iron and Steel Institute January 1960 


to intergranular corrosion without using Ti or 
Nb. Some future aspects of the use of vacuum 
techniques, especially in — steel pro- 
duction, are also discussed.—P. 

Production of semi-killed steel L. M. Efimov, 
D. A. Litvinienko, V. K. Barzii, —— A. 
Marinov (Hutnik, 1959, 9, (3), 74-78) [In 
Czech] A detailed description is given of the 
technology of production of various types of 
mild steel sheet developed in the Zaporozhstal 
steelworks in the Soviet Union. With partial 
deoxidation with Al in the mould homogene- 
ous, good quality sheet is obtainable.—P.F. 

The a ay of chrome-manganese steels 
with nitrogen F. Poborzhil and M. Zezulova 
(Stal’, 1959, (7), 617-625) Previous proposals 
are reviewed and activities are recalculated 
and their use to determine nitrogen solubility 
is shown. re work on the melting 
and teeming of high-N 2 Cr-Mn steels is des- 
cribed and results of four series of laboratory 
studies are given. It is shown that the content 
corresponding to Ns solubility is the maximum 
for sound castings production. 

Alloying steels with nitrogen with the aid of 
organic compounds Pines and M. Zezulova 
(Stal’, 1959, (7), 62 A method of n 
use of Ca cyanamide without greatly increasing 
carbon content has been devised 

improvement of the technique of melting 
transformer steel I. P. Zabaluev (Stal’, 1959, 
(7), 626) A note from Dneprospetsstal, Ts 
N II Ch M and Zaporozhstal. Vacuum treat 
ment alone had an effect. The distribution of 
segregation is also briefly commented upon 

Television in the steel industry BISRA 
(Edgar Allen News, 1959, 38, April, 73-74) A 
general account of the equipn ent in use and 
its applications. 

Compania de Acero del Pacifico, Chile — its 
png and growth J. Zapata (/ron Steel 
Eng., 1959, 36, April, 111-117) The develop- 
ment of Chile’s first steelworks at San Vicente 
Bay is described. A blend of Chilean and US 
coking coals is used, and native ore and some 
other raw materials are employed. 

Atlas Steels Limited T. J. Ess (/ron Steel 
Eng., 1959, 36, April, Al-A32) The steel- 
making processing and tubemaking plant of 
Atlas Steels are described. 

Hydrodynamic study, fundamental and prac- 
tical of the movements of the bath of the 
bottom-biown converter P. Leroy and G. C. de 
Lara (Centre Doc. Sidér. Circ., 1958, 15, (12), 
2501-2513) A review of the results obtained at 
IRSID by reduced and full-scale investiga 
tions on bath movements in the botton 
blown converter 

The mechanical properties of cast steel pro- 
duced in a side-blown converter I’. Hejnar and 
E. Janicki (Prz. Odlew., 1958, 8, (10-11), 301 
307) A comparison was made 
verter steels produced with acid and 
linings. The mechanical properties at room and 
elevated and reduced temperatures were 
measured in relation to S mtent (0-07 
0-16°,). At room temperature satisfactory 
valu for the tensile strength, proof 
and reduction in area were obtained at 

0-16°.S, but of the impact strength only 

0-11°,8S. Down to 50°C 
factory at 0-08°.8 
mperature 


stress were 


5-626 making 


between con- 


basic 


stress, 


values were satis 
only. Above room 
the tensile strength and proof 
satisfactory at 0-16°.S, but 
elongation and reduction in area only at 

O-O038° 5S. M.1 

Decarburisation trials on cast iron and steel 
by injecting with powder Bb. Trentini, M. 
and A, Jacquin (Fonderie, 1959, Jan., 25-39 
Liquid pig 


{ossi, 


iron and steel were carburized by 
injecting with various carbonaceous powders. 
Successful results were obtained by the use of 
graphite or coke Details of the trials 
and results are given, including simultaneous 
recarburization and resiliconization. (15 refs 

Removing S and P. Techniques using soda 
ash and caustic soda N. L. Evans and A. 
Lefebvre (Iron Steel, 1959, 32, April, 133-136) 
The advantages of desulphurizing cast iron by 
soda additions are emphasized; special tech- 
niques which have been developed are des 
cribed, the possibilities of phosphorus removal] 
are indicated, and the use of NaOH for a high 
degree of desulphurization is described. 


Practical applications of the TWA process 


breeze. 





developed by IRSID for desulphurizing pig iron 
by injecting lime powder B. Trentini, J. Raguin, 
and M. Dannewald (Rev. Mét., 1959, 56, May, 
487-507) The details and results of @ semi- 
scale trial of this process in a 12-t basic 
Bessemer converter at Pont & Mousson are 
described and discussed. Influence of the 
process on iron temperature and yield, and 
economic factors are discussed (20 refs). 

Development and adoption of a modification 
of converters for ag rong; with oxygen 
N. I. Beda and N. K. Kotov (Stal’, 1959, (7), 
615-616) A note whey Petrovskii works. 
of steel 
given. 

A study of the relationship between sulphur 
content in oxygen-blown converter steel and 
the composition of open-hearth conversion pig- 
iron N. I. Beda and N. K. Kotov (Stal’, 1959, 
(7), 616) A note. Increased § in pig iron raises 
the number of melts with higher S content 
Increased Mn reduces the number, and 
reduced Si content in the tron also seems to 
reduce steel sulphur. 

investigation of the technique of top-blowing 
of open hearth pig iron in converters using 
industrially pure oxygen with various methods 
of slag pouring N. I. Beda and N. K. Kotov 
(Stal’, 1959, (7), 616) Effects of adding 2° 
bauxite and of working without tapping the 
primary slag are briefly noted 

Semi-killed basic eee steel G. Marcus 
(Centre Doc. Sidér. Circ., 1959, 16, (2), 417 
428) Trials were carried out in the production 
of 10-t semi-killed steel ingots; these were 
successful and more than 22 000 t were 
between May 1956 and Dec. 
eedures adopted and the results obtained, 
including rolling trials, are discussed. 

Experiences in the manufacture of steel 
using oxygen W. G. Woskoboinikow (Neue 
Hiitte, 1959, 4, Jan., 10-17) An account of the 
development in Russia of the use of O, in 
converter processes, with details of 
investigations into the mechanics of the oxygen 
supply and with improvements in the convert 
er lining. 

Oxygen steel goes competitive (. J. McManus 
Iron Aqe, 1959, 183, April 16, 80) Operating 
costs and advantages of the Stora-Kaldo 
oxygen steel making process are briefly treat 
ed. This process has now been licensed for the 
American market. A.G. 

A study of the infl of additi of baux- 
ite and manganese ore on the desulphurization 
of oxygen-biown converter steel N. 1. Beda and 
N. K. Kotov (Stal’, 1959, (7), 616) A note from 
the Petrovskii works. Bauxite accelerates 
removal of Sandrich (45:-5°,Mn)Mn ore added 
before the start of blowing delays it. However 
addition of Mn ore after removal of the first 
slag gives a much desul 
phurization 

Investigation of methods of cooling the con- 
verter process by various additions \. I. Beda 
and N. K. Kotov (Stal’, 1959, (7), 616) A note 
from the Petrovskii works. Additions of 100 
300 kg of iron ore during blowing was effective 
Trials of limestone-ore pellets are » be made 

increasing the working life of the lining of 
basic deep bottom converters operating with the 
use of oxygen N. I. Beda and N. K. Kotovy 
Stal’, 1959, (7), 616) A note from Petrovski 
works and the Ukraine Refractories Research 
Institute. Types of brick tried were listed; 
periclase-spinelloid PSh brick was the best. 

Dravo gets American rights to Swedish stee 
process (Stee/, 1959, 144, April 20, 92, 95) An 
account of the Stora-Kaldo 
installed at Pittsburgh. 


The Kaldo oxygen steelmaking process _ its 
metallurgy and economics JT. ©. Dormsjo and 
D. R. Berg (Iron Steel Eng., 1959, 36, April, 
67-77) Up-to-date experience on the Kaldo 
process is described, details of manufacturing 
technique, steel quality, and economic factors 
being discussed at length. 

LD operations at Aliquippa |). R. Loughrey 
(J. Metals, 1959, 11, April 256-260) The use of 
the LD process at the Jones and Laughlin 
plant at Aliquippa is described, with details of 
the construction and operation of the 
and the results obtained. 

Bessemers used at Lorain to make 
steel (Stee], 1959, 144, March 30, 82, 


Types 
produced and estimates of costs are 


made 
1957. The pro- 


some 





higher degree of 


process to be 


plant, 


Screened Pb pellets are blown in during pour- 
ing, at Lorain Works, National Tube Division, 
United States Steel Corporation. 

Waste heat utilisation in the Donawitz LD 
steelworks A. Vacek (Berg. Hiitten. Monatsh., 
1959, 104, Feb., 21-26) The construction and 
operation are described of the systern of waste- 
heat utilization for the production of steam, in 
use at the Donawitz plant. Economic aspects 
are discussed. 

One hundred years of progress in making 
open hearth and other steels in the United 
States L. F. Reinartz (AJMME Proc. OH 
Comm., 1958, 41, 4-37) The author traces the 
history of the steel industry in USA, giving 
particular attention to the development of the 
OH process. Modern steelmaking tec hniques 
are discussed, and finally the author predicts 
the OH plant of the future and the possible 
ways in which steelmaking may be changed. 

Use of scrap hoist for charging open hearth 
furnaces Mack. Sample | 1ME Proc. OH 
Comm., 1958, 41, 47-48 ee ring of the six 
275-t OH furnaces in the No.2 shop of Armco 
Steel Corp., Middletown, is facilitat i by the 
use of scrap hoists, which have contributed 
greatly to the safety and flexibility of the 
operation, The system is described.—a.F. 

On changing the type of performance index 
for open hearth furnaces |). A. Srnolyarenko, 
N. lL. Efanov, and S. 8. Levitin (Stal’, 6 
7), 604-609) The index of performance 
on amount of steel per m? of hearth area 
day should be replaced, it is suggested, by one 
based on average annual productivity. Differ 
ent hearth designs make the 
suitable 


former basis un 
as larger hearths may lower the index 
but give greater productivity. Trends in fur 
nace size are noted and various factors are 
discussed. Measurements and output for 
given. Methods for main 
taining output over a period are considered 

New bottom installations M. H. Stadler Jun., 
lr. D. Hess, G. Grosvenor, J. D. Sloane, and 
H. M. Kramer (AIMME Proc. O.H. 
1958, 41, 283-294) Brief details are given of 
the construction and performance of new OH 
bottom installations at United States Steel 
Corp., Youngstown Sheet and Tube Co., 
Colorado Fuel and Iron Corp Steel Co. of 
Canada Ltd., and Bethlehem Steel Co G.F. 

The carbon subhearth J. bk}. Smith (A4/./ ME 
Proc. O.H. Comm., 1958, 41, 271-272) An OH 
furnace at Warren plant of Republic Steel 
Corp. has made over 900 heats with a carbon 
block subhearth installed under a conventional 
rammed bottom. The author describes the 
structure of the furnace and compares its per 
formance with that of other furnaces in the 
shop. The advantages of the carbon subhearth 
are outlined.—«G.¥ 

Basic roofs in Great Britain J. Mackenzie 

17 MME Proc. O.H 1958, 41, 211 
217) The author reviews British experience of 
OH basic roofs, giving particular attention to 
the trials at Steel Peech & Tozer and Appleby 
Frodingham Steel Co.—G.1 

Evaluation of arched versus flat suspended 
all-basic roof for open-hearth furnaces A. H. 
Sommer (AIMME Proc. O.H. Comn 1958, 
41, 228-239) At Keystone Steel and Wire Co 
two all-basic furnaces are equipped with flat 
suspended basic roofs, and two with arched 
roofs. The author describes 
and illustrates the construction of each type, 


several furnaces are 


Comm., 


Comm 


suspended basic 
and compares their performances G.F. 

The basic roof-problems and progress ©. WW 
Cravens (AIMME Proc. O.H. Comm., 1958 
41, 239-256) The author describes the exten 
sive programme of experimentation using all 
basic roof construction at the Cleveland plant 
ot Republic Steel Corp. Both cast refractories 
and hard-burned magnesite 
tested, 
furnace 
cast 


brick have been 
and a comparison is made 
conventionally built and one with a 
refractory roof. Design features are 
discussed and problems encountered are out- 
lined. G.F. 

Progress reports on basic roofs |. F 
L. D. Yager, H. A. Muttach, M. H. Stadler 
Jun., G. C. Lawton, and H. C. Barnes 
(AIMME Proc. O.H. 1958, 41, 256 
270) The authors outline the progress made 
and the experience gained with basic roof 
installations at Jones Laughlin Steel Corp., 


between a 


Pollack, 


Comm., 
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Laclede Steel Co., Granite City Steel Co., 
United States Steel Corp., Inland Steel Co 
and Armco Steel Corp. respectively.—«.F. 
The influence of poe of pig-iron on 
the output of open-hearth furnaces L.. Kocdrle 
(Hutnik, 1958, 8, (11), 362-368) On the basis of 
a survey of the literature and his own experi- 
ments the author concludes that pre-refining is 
in most cases economic, the 
temperature 


, 


increased charge 
be ing particularly desirable, 
apart from the decrease of the Si and Mn in the 
pig-iron. Certain modifications of technology 
are required with irons rich in phosphorus. The 
introduction of pre-refining ne 
always to be evaluated in relation to any 
specific conditions prevailing at the steel- 
works intending to use it.— P.F. 


On increasing the life of chrome- magne 
open- -hearth roofs R. Bruk Hutnik 1959, 9, 
(1), 3-7) Certain shortcomings in the opera 
tion, and design of 130-t OH head es are con- 
side red, and the inadequats 
roof bricks, parti 

] 


silica conte! 


eds nevertheless 


quality of furnace 
ularly high porosity and high 
its are pointed out. Me 
sidered necessary to 


assures con 
bring the roof life of 
Czechoslovak furnaces up to those 
attained in the 


renerally 
» Soviet Union are listed Pp. 

The effect of using sinter and briquettes 
instead of ore and limestone in open-hearth 
furnaces A. G. Derfel’, Yu. G. Dubina, A. G 
Kotin, N. I. Myshonkov, 8. L Sologub, E. V. 
lret’yakov, V. 1. Khmirov, F. A. Chernenko, 
and Ya. A. Shneerov (Stal’, 1959, (5), 400-407 
Comparisons of sinter and  ore-limestone 
briquettes with the normal mixed charge were 
made on a 370-t furnace by means of 63 casts 
from briquettes and 76 using various sinters, 
with 90 control casts on ore and limestone 
charges. More rapid slag formation and cuts in 
time were obtained Higher slag 
basicity with improved removal 
also secured 
mended. 

Use of a supercharger H. M 
(AIMME Proc. O.H. Comm., 
The charging system at the 
Armeo Steel Corp. involves the use of the 
‘Calderon’ supercharger Scrap is brought to 
the furnace stage in cars specially designed to 
provide maximun within the 
* erane height, clearance, anc 
curvature. Magnet cranes transfer the scrap to 
the supercharger, which is a hopper delivering 
the serap to charge pans beneath. The track 
occupied is considerably less than that 
occupied by the equivalent conventional pan 
bogies G.¥. 

The effect of faster driving on thermal 
efficiency and roof ener Holden and A. Hogy 
JIST, 1960, 194, Jan., 12 This issue 

Automatic control a regulation of heat 
supply to open-hearth furnaces at K.M.K. 
M. M. Epshtein (Stal’,1959, (4), 318-320) The 
development of instrumentation and auto 
mation at Kuznetsk is reviewed. A diagran 
the control system is given and a general it 


melting 
of Sand P was 
Increased use of sinters is recon 

Parker 
1958, 41, 49-53) 


‘tet di works of 


capacity 
furnace 


limite 
trach 


space 
pace 


line of its operation is supplied 

Carbon biack in fuel oil for open-hearth 
furnaces E H. Swett (AIMME Proc. O.H 
1958, 41, 324 336) Trials at Bethlehen 
Pacific Coast Steel Corp. have shown that 
additions black to the light fuel oil 
have sig 


Comm., 


of carbon 


nificantly improved furnace produc- 
tivity, by about 1 for . 


each arbor 
to at least 10° 
Phe equipme nt used is described and operatiur 


results are 


added up carbon t weight 
given. G.F 

The operation of open-hearth furnaces on 
natural gas B. N. Kurochkin, E. L. Simonoy 
L. A. Kalashnikov, L. K. Emets, and V. D 
Zelenskii (Stal’, 1959, (5), 407-413) Conver 
sion of a 185-t OH furnace is deseribed 
Productivity was unchanged and fuel con 
sumption was somewhat 


decreased surner 


design and atomizer characteristics were of 
great importance. 

Natural gas at high pressure for firing open- 
hearth furnaces A. |. Urinson (Stal’, 1959, (6), 
504-508) Substitution of natural gas at 

> 10 atm. for crude oil firing gave increased 
output and slightly improved steel. The 
dimensions of the 190-t furnaces are given and 
the control of fuel supply and automation 1s 
described. Alterations in the furnace and crude 
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oil carburation, gas pre-heating, and reinforce- 
ment of the furnace parts and the use of better 
refractories were employed 

An investigation of the ports of gas-fired 
open-hearth furnaces with ao air and 
as M. Andon’ev, . Filip’ev, and 
kK. V. Popova (Stal’, 1959, ‘6 4 aa 512) Model 
experiments on one-twenti th seale of 220-t 
and 500-t furnaces were using alcohol 
coloured with a dye to observe flow patterns 
and two-fluid manometers to measure resist- 
Water was injected to represent the air 
and concentrations were observed at various 
points on Rates of flow and 
use of air and oxygen and changes in the port 
examined from the point of view 
of flame characteristics. Changes in shape and 
cooling arrangements for the 
advocated 

Carburization of the open-hearth flame 
A. Dékanovsky (Hutnik, 1958, 8, (10), 329 
335) Increasing the heat transfer from flame 
to bath by increasing flame luminosity is dis- 
The use of auxiliary burners dispensing 
coal dust or liquid fuels is considered, 
conditions for optimum performance, 
as economic aspects are examined.— P 

Thermo-technical experiments with ports for 
the injection of air into the gas stream N. |. 
Kokarev, A. G. Kapichev, V. G. Lisienko, 
P. P. Semenenko, and V. G, Tyulebaev (Stal’, 
1959, (4), 306-311) Tests in the OH furnaces 
of the A. K. Combine are described. 
Ports with by-pass ducts were effective but 
the by-passes tended to block up with dust. 
Productivity, heat distribution, gas composi 
tion, movement of air, and the effects of air 
and gas injection and similar data are given. 
Ihe findings are summarized and further work 
is suggested on port location to reduce blocking 
with maximum air injection and flow into the 
gas stream. 

Improvement in production of open-hearth 
furnaces fired with lean gas obtained by inject- 
ing compressed gases through the gas burners 
L.. Septier, S. Terrat, R Kissel, and J. Moreau 
(Rev, Mét., 1959, 56, Feb., 179-202) It is shown 
that OH production in furnaces fired by lean 
at least 10%, by inject- 
gases via the burners, 


used, 


ance. 
an oscillograph. 
design were 


ports are 


cussed. 
and 
as well 


Seroyv 


gas can be increased by 
ing various compressed 
cold and prehe ated water vapour, 
and blast-furnace 
maximum 
case, and methods of increasing production up 
to 20°,, are discussed. Manufacturing 
be reduced from 150 to 500 fr. per tonne. 

Control of open-hearth heat weight i. JJ. 
Whittenberger (AIM ME Proc. O.H. - 
1958, 41, 56-70) The author outlines the 
calibration test procedures for the mixer and 
scales in two fixed OH shops, and 
investigation of the factors 
affecting in-motion weighing of charge materi- 
als. The resulting improvement in heat weight 
uniformity is discussed, and a description of a 
recently installed scrap-weighing speed-con- 
trol device is given. —G.F. 

Continuous waste-gas analysis for automatic 
fuel control in the open-hearth furnace ©. J. 
McElhaney and W. V. MeNiece (AIM VE 
Proc. O.H. Comm., 1958, 41, 352-361) The 
authors have developed a practicable system 
for continuous waste-gas sampling and O, 
analvsis on the OH, and deseribe a method 
for usiig this system to control automatically 
the fuel input to the furnace. Early results 
indicate that the control system will prolong 
furnace life and reduce fuel consumption, —G.F, 

Streamlining of charging cycles W. J. Flynn 
(AIMME Proc, O 1958, 41, 71-78) 
At Gary works of United States Steel Corp., 
95°, of the charged in 1 h or less. 
This has been achieved by improved scrap 
preparation; by initiation of a scrap distribu- 
tion system in which all serap is classified, 
segregated, and stored on six separate storage 
tracks; and by a revised charging sequence 
Details of each of these factors are given.—«G. 

The effect of manganese content of the open 
hearth bath on the quality of rimming steels 
F. Zameénik (Hutnik, 1959, 9, (4), 118-121) In 
the case of mild steels Mn contents of 0-04 
21°. in the bath have little effect on the 
ingot yield. The Mn content during the period 
of the boil also appears to have little effect on 
the ductility of taken from the 


such as air, 
gas. Conditions for obtaining 


efficiency are established in each 


costs can 


Comm 


scrap 
describes an 


.Comm., 


heats are 


specimens 


urnace at that stage. The discussion is based 
on experimental results obtained over a con- 
siderable period of time at the Tiinec steel- 
works. —P.F. 

Sponge iron as a source of metallics in the 
steel industry P. U. Gummeson (AJ MME 
Proc. O.H. Comm., 1958, 41, 366-379) Sponge 
iron is being used in increasing amounts in 
Sweden as a raw material for the production of 
quality steel. The author reviews present day 
knowledge of the material, and describes its 
use in acid and basic OH electric 
high-frequency furnaces.—«G.F. 

Increased output of an open-hearth furnace, 
based on improvements in flow conditions 
Vogel (Technik, 1959, 14, April, 279-280) In 
order to increase output by reducing waste 
heat losses, design modifications are described 
which improved flow 
and stack. 

Combustion control in open-hearth furnaces 
V. Parma (Hutn. Listy, 1958, 13, (11), 979-983) 
Efficient OH performance requires automatic 
combustion control. This must however be 
adjusted in each case to take into account the 
peculiarities, such as air loss, of the furnace. A 
simple design for an_ effective reversing 
mechanism is advanced. This utilizes a system 
of bell-shaped valves having water locks. —pP.F. 

Thermodynamics of the open-hearth furnace 
with lancing V. N. Kornfel’d, A. O. Voitov, 
we oe Koshelev, - 2. Shorin, and B. K. 
Dymov (Stal’, 1959, (6), 513-520) The accelera- 
tion of C drop and intensification of CO evolu 
tion reduces heat input, the average heat input 
for the whole period of C elimination is also 
reduced. Trials in a 200-t furnace showed a 
reduction to 5-6 10° ecal/h for 30-40 min. 

The use of oxygen for steelmaking in open- 
hearth furnaces N. V. Keis (Stal’, 1959, (6) 
523) A note from Chelvabinsk. Effects of 2 
enrichment during melting § are described. 
Preliminary treatment of pig iron before 
charging into open-hearth furnaces (523-524) 
Oxygen blowing in ladles with addition of ore 
was tried but though OH time was cut by 25° 
problems arose which were not solved and 
addition of 2-4°, of ore to a 70-t hot metal 
ladle was substituted. Reduction in ferro- 
manganese consumption (524) Fe-Mn contain 
ing 1:75-2:49, Si reduced evaporation 
and addition of Fe-Mn in the ladle also 
reduced Mn losses. Alloying steel with scrap 
metal containing titanium (524) Waste 
and plate crop ends of 93-99°, Ti were used 
instead of Fe—Ti in a 100-t OH furnace. Pre 
heating to 350-400° to remove oil was carried 
out. The material was placed in the bottom of 
the ladle and was dissolved by the time the 
ladle was one-third full. Better regenerator 
working (524) The wall thickness was reduced 
from 230 to 115 mm to widen the slag = kets 
and regenerators increasing checker life 6-2%. 
Heat losses through the bottom nabs is 
reduced by replacing firebrick with a light- 
weight brick of dens. 0-6-0-8. Removing 
furnace dust from regenerator checkers (524) 
Water washing of the checkers in 185-t and 
370-t OH furnaces was tried. At a pressure of 
5-7 atm. dust removal was satisfactory. 
effects on the forsterite brick are produced and 
temperature conditions are restored only after 
2-3 melts. Water at 10-12 atm. is to be tried. 
The use of unkilned magnesite chrome brick 
in open-hearth furnace roofs (524) Properties 
are noted, use of these bricks is not recom- 
mended for roofs of more than 6 m span. 
Automatic operation of intermediate valves in 
open hearth furnaces (524) Valve reversal 
raises gas pressure so much at the moment of 
reversal that doors tend to blow open. An 
intermediate valve has been fitted which is 
raised at the moment of reversal. 

Improving the thermal process in open- 
hearth furnaces V. F. Isupov (Stal’, 1959, (6), 
573) A note from the Serov Combine. Use of 
high-S oil by gasification is briefly described. 

Some thermodynamic ons in large —- 
hearth furnaces M. A. Glinkov and G. M. 
Glinkov (Stal’, 1959, (6), 568-572) Working 
conditions of OH furnaces governing output 
are analysed and the difficulties of thermal 
utilization in larger furnaces are pointed out. 
Measures to improve this are discussed and on 
the grounds of heat input, relative increase of 
hearth area and use of both ports with oil 


are, and 


conditions in the duct 


losses 


chips 


Some 
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firing or carburized gas of high calorific value 
and improved flame form are suggested. 
Expressions for the thermal conditions are 
derived. 

Rapid method of 
W. Mann and R. G. Waite (AIMME Proc. 
O.H. Comm., 1958, 41, 347-350) When melt 
out carbon is lower than desirable at General 
Steel Castings Co., recarburization is effected 
by injec tion of graphite or derivatives of coal 
or oil, Details of the method 
and typical results are given.—G.F. 

Comparison of dephosphorization and de- 
sulphurization in the open hearth slag-metal 
system and h the oxygen process slag-metal 
— F. W. Luerssen (AIM ME 0.H. Proc., 

1958, 41, on $11) Basie OH data are 
comparing P and S removal 
normal process and with O, 
approach to 
~1 600°C, 


bath recarburization 


USINZ an air gun. 


given 
rates in the 
lancing. A close 
equilibrium is apparent at 
The more basic OH slags appear to 
give higher S distribution ratios than in the 
more basic O, process and this is attributed to 
the lower state of oxidation in the former. 
Open hearth furnaces producing 20,000 tons 
of steel per month FE. G. Kondas (AJME 
OH Proc., 1958, 41, 422-425) 
design and equipment are summarized. 
Operation of furnaces penguins more than 
20,000 tons per month J. I). Hood (426-427) 
Note s on Steel Co. of ¢ Aes No.3 shop opera 
tions are given. Production performance at 
Fairless open hearth H. Parker (427) 
Statistical. Performance at Port Kembla, 
Australia J. Anderton (427-429) Monthly 
figures are given. Furnace producing in excess 
of 20,000 net tons per month J. 7. Clisham 
(429-430) An account of Solate Point 
operations. Gas flow in an open hearth model 
R. H. Jones and D. F. Brion (449-461) A one 
twelfth scale model is described with arrange 
ments for independent variations of port, slag 
pocket, fantails, and checker chambers. 
Instrumentation is described and similarity to 
the full-scale furnace is considered 
distribution and flow patterns are g 


Furnace 


Gas 
iven. Flow 
in the regenerator system was disappointingly 
different from the full-scale furnace 

Studies on the desulphurization of molten 
pig iron by manganese. Ill. On the desul- 
phurization product formed by manganese 
K. _— and M. Inouye ( Tetsu to Hagane, 1959, 
45, Jan., 9-15) The desulphurization product 
was investigated by examining a sulphide slag 
produced by mixing liquid FeS and Fe—-C-Mn 
melts and bringing into equilibrium 
carbon-saturated iron. It appears to be a solu 
tion of FeS or Fe—FeS in 94° Mn, and equi 
librium data for its formation are deduced. 

Use of exothermic ferromanganese kt. W. 
Farley, R. L. Kimberley, W. A. Olsen, and 
T. V. Wainwright (ATM ME Proc.O.H.Comm., 
1958, 41, 162-172) The authors present the 
results obtained with exothermic Fe-Mn in 
four OH shops. The practices are described 
and compared with normal Fe-Mn pract ° 
particular being made of Mn 
efficiency, control of analysis, and quality of 
steel produced. G.F. 

A method of determining the productive 
capacity of open hearth furnaces A. N. Morozov 
and M. M. Pischikov (Stal’, 1959, (7), 610-612) 
Reasons for discarding the output per m?® of 
hearth basis are given and actual data from 
two furnaces are shown. An index is suggested 
of hourly rate of production averaged over long 
periods so as to include shut-down time and 
typical values are calculated. 

The problem of the determination of the 
productive capacity of open hearth furnaces 
and sections A. M. Pochtman (Stal’, 1959, (7), 
613-614) A further plea for the use of output 
per h averaged over long periods. An editorial 
note asks for comments on this group of 
communications, 

The influence of the equipment of OH shops 
on production indices V. Sobolev (Stal’, 1959, 
(7), 658-661) Intensive working leads to 
several furnaces reaching the same stage 
simultaneously and requires 
equipment than would be 
average working conditions. 
degree of utilization and idle time and studies 
to determine causes of delay are considered 
Extra equipment installed is described. 

Characteristic comparative values for open 
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comparisons 


auxiliary 
ealculated for 


more 
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hearth furnace practice H. Wiibbenhorst 
* Rade Rund., 1958, (7), 348-353 
characteristics "of 


) Operating 
furnaces are 
pared, to the 
design, abo i ow charging plattorn 
level, charge, eld, and thermal 
Istics 

Liquid fuels for open-hearth furnaces 
Sefll (AHutn. Listy, 1959, 14, (3), 185-188 
Czech} The ads 

; 


open hearth 


discussed and with references 


character 


antages of liquid fuels are dis 
cussed and experiments with fuels obta 
by-products from the hydrogenation of lignite 
and petroleum are described, Despite a fairly 
high sulphur content their use did not result 
in any deter of steel quality PLE 

The attempt to grasp the numerical depend- 
ence between open-hearth furnace productivity 
and the heat consumption on the one hand and 
the degree of furnace overcharging on the 
other M. Michalowski and J. Mikulski (/Zutnih 
1959, 26, (2), 58-63) [In Polish] The authors 
discuss the fhereney of an overcharged open 
hearth furnace related to heat expenditure and 

ld afte everal hundreds of casts have been 
made from furnaces of various types and 
capacities with maditions of linings 
se ral graphs are iven that illustrate the 
relation of anv change of charge to | of the 

eld obtaimed 

"Study of the effect of the duration of the ore 
boil in 250-ton open-hearth furnaces on metal 
quality L., As da , 1959, , 615) A 


ote fror er togorsk. Shortening of be 


oration 


various ¢ 


7eHrTe\ Sf 
ad final t vn tin | poss ke 

| Slag explosions in open- anna steel works 
I eue Hutte, 1959, u 

xplair = that 


1 the 


er water tanks 


Basic seats on large open- -hearth wreengs at 
—.. a A. Ja 
: + 3B, April, so 


tios 

Brick 
appear rather fi 
Russian prac ( 

Basic open hearth roots cut cost, boost — 

l, 195%, » Feb. 16, 156-161 


OH 


basic root for furr 


aces 1S 
of basic re mcreasing; 
er life, higher 


allowing 


ned from long 
oxvyen 
ability to with 
stan ‘xtreme operating conditions. Roof 
construction is discussed, Spalling has 
reduced by improve 
tion D. Bef t 
Open hearth bottoms and pouring aisle 
refractories. U1. (/nd. Heat., 1959, April, 
S00 S06) Summaries are given of 
sented at th AIMEE Open 
ference on the subjects of open-hearth botton 
installation and the effort of nozzle character 
istics on the stability of the pouring stream 
The measurement of bath temperatures in 
open-hearth steel making 2. Girees, M. L 
Hasek, 8S. W. Balbi, E. P. de Souza, and ©. L. 
fJarbosa jol. ABM, 1958, 14, Oct., 517-536 
[In Portuguese | The authors formed a we 
party to examine the 
immersion 


ised), and 


been 


d materials and construc 


papers pre 


Hearth Con 


1Y58 


orking 
calibration and use of 
pyrometers in the melting 
They conclude that there ina 5 , 
temperature within 8-0 C and they 
mend, for the Volta Redonda shop, 
temperature, for the 


shop 
certainty of 
recom 
a tapping 
rimming steels, of 1565 
1585°C. This should quality, 
reduce skulling by 50°,, inerease ladle life, and 
produce better quality steel P.S 

Influence of high hearth loads and increasing 
solid stahleisen charges on the operating con- 
~— of Maertz-type open hearth furnaces 

F. Liidemann (Neue Hiitte, 1959, 4, April, 
198 207) The Maertz-type OH 
furnace area of 47-3 m?*, and 


improve ingot 


effect on a 


with a hearth 


account of the proce 


ducer gas ¢ 


ired with pre 
harge weight are studi 
of trials. The 


charge propor 


tion t Stahlei 
rization and = refining 
cussed (i314 

Improvement in the production of open- 
hearth furnaces, fired with lean gas, by the 
injection of compressed fluids into their gas 
burners [.. Septier, S. Terrat, R. Kissel, and 
J. Moreau (Centre Doc. Sid ( 1959, 16, 
2), 445-460) an untisg ) vster 
trials carried out by [RSID during 


the eftects of ing into the y surners 


decarbu 


it 
1958 into 
inject 
arious fluids under 
blast-furnace gas, 

without preheat, 
mixed with O,. In g 
the order of 10 

resulted, irrespective ) he 1 ire of the 


material injected, merely " esult of the 


echanical effect of the injectior 

Development of technical melting conditions 
for working a large capacity open hearth 
furnace heated with sulphurous fuel oi! and 
cold gas (Stal’, 1959, 615) A 
Magnite rs 


and trials 


f the 
Continuous oxygen analysis for combustion 
control in the 7] hearth i}. W. Hu ra 
1. W. Bain (AIME O th P 
41, 461 
I a 


1958 


Automatic contro! of the combustion of the 
heating gases in open-hearth furnaces by 
adjustment of the excess air |... To 


Ostra 1Q58, 


a Ae the co- -ordination of general — 
in the open-hearth shop |). de Almeida 
1BM, 1958, 14, Oct., 537-572 rtu 


made and 
furna 3 for 


s8 1s 


The phosphorus iron “equilibrium between 
liquid iron and lime-saturated phosphate slags 
H Knuppel and H, Gruss irch. F nh., 1959, 
30, May, 253-265) Eq 
and O-bhearing Fe 
phosphate slag 
without addit nal 
and with 4°°.810, 4‘ 

21 rets 7 

Alloy trims open hearth cocts 
1959, 183, Feb. 12, 105) Th 
naterial known as a higt aici " 
chrome is” deseribed When usec 
furnaces it provides a low-cost 

with I1°.Si for use u bloeku 
Ri open- -hearth eel of high strength 
ach (Sbornik védeckich Os 1, 1958, 4, 
321-325 In Par her used an 
steel of composition Cc, 0-69 Mn, 
o-l4 Ni, 0-12 O-O28 
S for the forg 


nlibriu hetween P 
and Ca-saturated FeQ)-Ca 
rs was measured at 1600°C, sle 


stituents, t 


MnO be 


ilong 


Of 
0-608 Cr, 
0-024 
tyres had a 0-2 proo 
» stress of LOL kg 
of 17°5 rests 
charg 


tensil mm?, ¢ 
‘arried 
res show that it is p 
consistent results r.¢ 

Medium- yg 2 One texture electrotechnical 
steel A A. Nefedov, A I felvakov, and 
M.S Bane Br Stal’, 1959, (8), 744—745) A 
steel with 2°5° Si 200-t OH 
furnace, rolled and heat treated. It was shown 
to be capable of equalling or surpassing the 
GOST standard for £1300 steel 


The production of needie recuperators from 


was made in a 
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heat-resistant steel 7. Navy (/Prz. Odlew., 1958, 
8, (10-11), 291-295) In tl aot inl 
fror Hungarian, a r ew 

Al steels f 


at 00-1 100 ¢ 


, transl 
4-0 


Steelmaking in small furnaces. Graphite rod 
resistor type at BSCRA | h (fron and 
Steel, 1959, say April, 137 natru 
t hand oF ition are ad HH0-1 
raphite rod t i nace t e foundry of 
BSCRA 
Possible methods of reduction of electric 
energy consumption in arc furnaces K 
Radz | Hutnik, 1959, 26, ; In 
, ey ‘ lopment and 
LK IDI 


Modernisation program at standard steel 
works designed for nd steel production 
W. E. Shissler (Ind t., 1959, 26, April, 


is) Deta ! ‘ th suit nt 


The use of nickel oxide instead of metallic 
nickel during steel — in electric arc 
waranees , P. Z Stal’, 26 
ISN‘ 


t} 


The manufacture of free- machining steels Aa § 
means of +g additions V. Via 
1BM, 1959, 15, Jan., 149 


New views on the properties of vanadium and 
their utilisation in steel production J. (hy 
Hutnil 


pKa 
, 1959, 9, (2), 41-44 n Czech} Recent 
neernin ‘ é zi lit of V 
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chemical comp 
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A further note on the influence of the con- 
struction of a semi-permanent casting box on 
the strength of ingot moulds 1. Sh 
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(Stal’, 1959, (7), 662) Further controversy is 
reported on the effects of removing the casting- 
box joint from wide to narrow side or to the 
corner. 

On the influence of the position of the joint 
of the casting box of semi-permanent moulds on 
the strength of the moulds N. I. Pavlovtseva 
and L. M. Cherkasov (Stal’, 1959, (7), 663-664) 
A reply to the foregoing paper. An editorial 
note is added on studies that should be made 
on the topic. 

Increasing the working life of open hearth 
ingot moulds V. F. Isupov (Stal’, 1959, (7), 
616) A note from the Serov Works. Less scrap 
was used giving iron higher in C. A change of 
profile was also made giving a further im- 
provement. 

Tests of unfired magnesite steel-pouring 
funnels in service A. RK. Makarychev (Stal’, 
1959, (7), 615) A note from Magnitogorsk and 
Magnezit Works. Unfired funnels gave practic- 
ally the same service as fired funnels. — 

Researches on mould coatings L. Srmmrha and 
8. Kubéna (Hutn. Listy, 1959, 14. (4), 361-368) 
{In Czech] The suitability of various industrial 
by-products to serve as mould dressings in 
casting steel was investigated. With high 
teeming rates the inorganic coatings were 
found to be best, otherwise mould varnishes 
with a propane-asphaltic base may be used, or 
also benzene and phenol base resins. —P.F. 

The use of steel guide plates in teeming steel 
into round moulds N. M. Kolpovskii (Stal’, 
1959, (7), 642) Hot cracks were avoided by the 
use of guide plates inside the mould to prevent 
the stream from touching the side. 

Vacuum pouring of ingots for heavy forgings 
J.H. Stoll (nd. Heat., 1959, 26, May, 949-966; 
1163-1171, 1174) The method and equipment 
employed for vacuum pouring of ingots for 
heavy forgings at Bethelhem Steel Plant are 
described. The value of the 7-t development 
unit is explained. Two 250-t units are now in 
operation. Vacuum is provided by a four-stage 
steam ejector. Two television cameras allow 
observation of pouring conditions. The vacuum 
pouring operation is described and its effect on 
the gas content of steel is considered. Results 
are given indicating that residual H, content is 
independent of the vacuum pressure between 
500 and 1 200 microns. Figures are given which 
illustrate that in forgings from conventionally 
cast ingots, H, content increases sharply from 
surface to centre, whereas in vacuum cast steel 
the effect is very slight.—p.L.c.P. 

Heating feeder heads with an exothermic 
mixture S. Kubena (Stal’, 1959, (8), 700-706) 
A discussion of compositions for exothermic 
mixtures and of shape and insulation of feeder 
heads is followed by a report of extensive 
trials using Fe Si with a little Ca-Si, millscale, 
and nitrate. Wide shallow feeder heads are 
recommended and insulation with soot, ash, or 
graphite, the slag formed protects the metal 
from carburization. 

Heat insulation and the heating of ingot 
feeder head regions L.. M. Efimov (Stal’, 1959, 
(8), 706-711) A report of a meeting at which 
twenty-eight papers were given. Resolutions 
adopted were that dimensions and shape of 
the head zone should be 
raise output 1-2°,. Decrease of cross-section 
and taper is usually effective. 
Reliable methods of calculating feeder head 
dimensions are needed. Side wall heat insula 
tion should be improved and special shaped 
refractories should be developed and better 
insulating and exothermic materials should be 
produced. Arc and induction feeder head heat 
ing are recommended for high-alloy steels and 
large forging ingots. , 

Optimum teeming rate and temperature for 
sheet metal ingots V. A. Efimov and M. P. 
Sabiev (Stal’, 1958, (8), 694-700) Difficulties in 
casting relatively narrow ingots are noted. 
Trials to prevent cracking were made on temp. 
and pouring rate and a floating thermocouple 
was used to measure the temp. of the exposed 
metal surface in the mould. The condition of 
the metal surface was shown to depend on the 
excess heat entering the mould per unit time 
(t/min) and not to linear rate of rise of the 
level. To prevent lapping the temp. of exposed 
surface and walls must be kept above the m.p. 
of the steel or about midway between liquidus 


studied as this can 


increased 


and solidus points. A variable rate of teeming 
is suggested at 1620-1635°C for type 20 steel 
for 9-13 t ingots. Exothermic feeder heads 
reduce top crop ends by 5-6%. 

Further developments in ingot head heating 
L. Smrha (Hutnik, 1959, 9, (3), 80-84) [In 
Czech] A critical survey is made of modern 
methods of ingot head heating particularly of 
those based on the use of exothermic briquet- 
tes.— P.F. 

Casting technique and properties of BSt. 5 ps 
semi-killed Bessemer steel V. G. Malinovskii, 
A. 8. Babii, and P. I. Kovalev (Stal’, 1959, 
(7), 595-604) Extensive trials are reported for 
the production of ingots of uniform quality 
suitable for rolling. Adjustment of composition 
and shaping of the ingot top are recommended. 

Improvement in the casting technique for 
dynamo steel I. A. Tkachenko (Stal’, 1959, 
(7), 615) A note from Magnitogorsk. Condi- 
tions for correcting chemical inhomogeneity 
are suggested. 

Improvement in the casting technique for 
phosphor steel for nuts and bolts (Stal’, 1959, 
(7), 615) A note from Magnitogorsk. A method 
giving 4-5° more sound metal is indicated. 

Continuous casting of steel S. Kawinski 
(Prz. Techn., 1959, 80, (19), 8-9) This process 
replaces casting into moulds and subsequent 
rolling which may be necessary where the out- 
put is large and the customer requires small 
sections. The casting is of uniform cross- 
section and considerably longer than the 
receptacle in which it solidifies. The casting is 
then cut into sections after complete solidifica- 
tion. A proposed installation of this sort is to 
be built in Poland and to consist of the follow- 
ing parts: segregation container, crystallizer, 
cooling apparatus, and a withdrawing installa- 
tion followed by a cutter. It is claimed this 
would cut casting time and production costs. 

The continuous casting technique Z. Gorny 
(Prz. Odlew., 1958, (12), 354-358) The 
principles and procedure of continuous casting 
are presented in broad outlines, as applied not 
only to ingots but also slabs, pipes, ete. An 
economic assessment indicates the high capital 
costs, but the appreciably reduced production 
costs and low subsidiary material costs.—™M.T. 

Casting of special steel ingots (Aciers Fines 
Spéciaur, 1959, (31), March, 22-28) A brief 
outline is given of construction and segrega- 
tion phenomena, the process of solidification, 
steel qualities, and casting, with reference to 
the general requirements of special steels. 

The influence of high-frequency vibration on 
the crystallisation of rimming steel ingots 
S. Enekes (Koh. Lapok, 1958, 13, Dec., 536 
542) Hungarian experiments on 7-ton ingots 
of rimming steel have shown that as a result 
of adequate high-frequency vibration the 
depth of sound crust free from blow-holes was 
appreciably increased, and the gas content 
(especially N,) as well as the amount of non- 
metallic inclusions was decreased. P. Kk. 

On the presence of free crystals in solidifying 
alloys and the formation of the zone of inverse 
segregation in industrial ingots A. Kohn and 
M. Olette (Compt. Rend., 1959, 248, Feb. 9, 
797-800) Autoradiography of alloys contain- 
ing labelled S, P, or As discloses free dendrites 
low in these elements in the solidifying metal 
which tend to settle towards the bottom of the 
ingot. It is confirmed that this is the cause of 
the cone of inverse segregation. Killed steel 
containing 0:003°,S was used. 

Freezing of liquid metal in a mould G. 
Horvay and J. S. Henzel (Trans. Met. Soc. 
AIME, 1959, 215, April, 258-273) Nomograms 
for interface temp. and solidification rate for 
semi-infinite ingots are given. The results are 
correlated with previous studies on finite 
ingots with constant surface temperature im- 
pressed and cooling curves of 7 in. square steel 
castings in sand and iron moulds. 

The struggle against crack formation in high- 
manganese steel N. P. Zhetvin (Stal’, 1959, 
(7), 664) A note from the Hammer & Sickle 
works. Four factors prejudicial to ingot 
quality are listed. 

The process of external crack formation in 
the ingot during hot deformation I. T. Baruzdin 
(Stal’, 1959, (7), 649-652) Work on 12 Kh2N- 
3MA steel is described. The temp. and rate of 
pouring was the main factor, a reduction in 
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temp. giving sounder ingots. Siphon pouring is 
recommended and careful degasification is 
advised. 


FOUNDRY PRACTICE 


Good casting design can mean more sales 
J. L. Flitz and D. F. Richter (Foundry, 1959, 
87, April, 118-125) Numerous examples of 
designs of castings as submitted and as 
improved are given. 

Practical guide to the design of steel castings 
(Usine Nouv., 1959, monthly edition, April, 
63, 65, 67-69, 71, 73) This section gives several 
examples of design in reduction of metal 
accumulation, section changes, reinforcing 
ribs, holes and and dimensional 
tolerances. 

Design of castings in view of moulding tech- 
niques and pouring practice @. Gertz (Koh. 
Lapok-Ontéde, 1959, 10, April, 101-108) The 
author discusses the modern principles of the 
construction of castings that are most suitable 
for present day moulding techniques pouring 
practice and machining methods.—P.k. 

Practical experiments on pouring of iron into 
cast iron moulds B. Bodnar (Koh. Lapok- 
Ontéde, 1958, 9, Dec., 274-276) Hungarian 
experiments On pouring Iron into cast iron 
moulds are described, and some practical hints 
are given for improving this method. —P.kK. 

The development of casting in the USSR 
L. Kalman (Koh. Lapok-Ontéde, 1959, 10, 
May, 117-120) The author reviews the 
development and present position of casting in 
the USSR, and draws useful conclusions from 
it for the Hungarian foundries.— P. Kk. 

Temperature control in the Ford foundry. 
Thermocouple practice in the production of 
grey iron and alloy steel castings H. Connor 
(Platinum Met. Rev., 1959, 3, April, 56-59) 
The equipment used is described. 

Sulphur in cast iron ©. Bader and D. Godot 
(Fonderie, 1957, June, 241-254) The authors 
give a theoretical account of the effects and 
properties of sulphur and its compounds in 
cast iron, followed by a discussion of various 
methods of desulphurizing or neutralizing the 
effects of sulphur. A description is then given 
of the manufacture and properties of a high- 
strength pearlite cast iron with spheroidized 
graphite and high in sulphur, obtained by 
inoculating in the ladle with S and FeSi, 
followed by a suitable heat treatment. 

Contribution to the study of the effect of 
ladle additions on cast iron degree of maturity 
and relative hardness as criteria of quality 
W. Patterson (Giessere:, 195%, 46, May 21, 
289-301) The influence on cast iron quality of 
casting temperature, superheating of the melt, 
furnace atmosphere, alloying addition, graph- 
ite form and other factors is discussed, and the 
decisive influence of graphite form on the 
mechanical properties of grey iron is shown 
(26 refs). 

On casting white cast iron into metal moulds 
K. Stransky (Slévarenstvi, 1959, 7, (2), 53-57) 
[In Czech] Researches on methods of casting 
suitable for use with metal moulds are dis- 
cussed. On the basis of extensive experiments 
with complex castings various aspects of the 
problem are considered, including mould 
design, cooling rates, quenching technology, 
and the prevention of cracking.—-P.F. 

The foundry industry in Poland F. Strek and 
J. Piszak (Koh. Lapok-Ontéde, 1959, 10, May, 
120-127) The paper contains a comprehensive 
review of the development and present state 
of the Polish foundry industry.—P.k. 

Rational modernisation of the foundry 
A. M. Plesinger (Fonderie, 1957, Nov., 481 
490) A study is made of foundry rationaliza- 
tion by introducing mechanization and making 
the most economic use of the space available. 

Problem of the rationalisation and mechan- 
isation of foundries T. Klingenstein (Vetall., 
1959, 13, April, 309-313) A general discussion 
of steps in foundry automation and mechaniza- 
tion is given, with consideration of economic 
factors. 

Stocking primary materials and the melting 
shop in the iron foundry ( Fonderie, 1957, (140), 
Sept., 422-424) The layout of the stockyard 
and melting shop of the Fonderies et Ateliers 
de Constructions Electriques de Jeumont is 


bosses, 





described, with particular reference to the 
mechanization of the equipment. 

Automated moulding lines employing biow- 
ing machines P. N. Aksionow (Prz. Odlew., 
1958, 8, (12), 343-347) The author compares 
two automatic core-blowing machines, one 
Russian designed for the Moscow Motor car 
Factory, and the other the American Mol-Dex 
machine (Osborn). The latter is considered the 
better design. Both are described in detail. 

Tour of Northern treland foundries V. ©. 
Faulkner (Found. Trade J., 1959, 106, March 5, 
259-264) A list of foundries in Northern Ireland 
is given, with a description of the main fea- 
tures of some of them, particularly those of 
Davidson & Co. and Harland and Wolff. 

A South African mechanized foundry 
A. C. P. Westhorpe (Eng. Found., 1959, 24, 
April, 91-96) An illustrated account of James 
Barwell (South Africa) Ltd foundry with a 
section on the economies of foundry mechan- 
ization and discussion. 

Pearlitic cast iron for the automobile industry 

A. da Silva (Bol. ABM, 1959, 15, Jan., 
71-90) {In Portuguese| The author gives a 
detailed discussion of the metallurgy of these 
Irons, stressing the importance of metallurgical 
control at each stage for meeting the demands 
of mass production. He concludes that, with a 
good foundry technique and high-quality raw 
materials, Brazilian foundries can meet the 
demands of the expanding motor industry. 

Some problems encountered in pouring grey 
cast irons into ingot moulds J. Priby! (Sbornik, 
(Ostrava), 1959, 5, (1,) 51-67) [In Czech] The 
choice of materials and design for metallic 
ingot moulds, and the correct technology of 
casting into them are discussed in detail.—P. F. 

Grey iron permanent moulding H. V. 
McClelland (Mod. Castings, 1959, 35, April, 
88-90) The origin and development of grey 
iron permanent moulding is traced and details 
of the process and mould design are given. The 
applications of the process are considered in 
relation to the properties of the castings.—-a.a. 

Non-magnetic cast iron Z. Tyszko ( Fonderie, 
1957, Sept., 411-421) A review of the theo 
retical principles of the metallurgy of non 
magnetic cast irons is followed by an outline of 
the present position in this field, and by a 
detailed account of the development at 
Cracow of austenitic Mn-Cr-Al and Mn-Si-Al 
iron, and of a low permeability ferritic cast 
iron containing 20-34°, Al. 

Martensitic white irons for abrasion-resistant 
castings T. EF. Norman, A. Solomon, and D. V. 
Doane (Mod Castings, 1959, 35, April, 104 
118) The major characteristics of martensitic 
white irons are discussed together 
account of an investigation of the 
influencing structure, wear resistance, 
anical properties, and service life.—a.G 

Results of investigations of non-magnetic 
Ni-Cu-Mn cast irons A. de Sy and J. van 
Eeghem (Fond. Belge, 1959, Jan., 7 ) This 
section deals with the composition, production, 
and physical properties of non-magnetic Ni 
Cu-Mn cast irons with lamellar graphite 

The duplex process cupola-reverberatory 
furnace ©. Gailly (f'onderie, 1949, Feb., 90-92 
The technique and economics of this duplex 
process in the manufacture of blackheart 
malleable cast iron are discussed in relation to 
American practice, and the reasons for the fact 
that the process is not used in France are con 
sidered. It is shown that its economic use is 
related to the tonnage cast. 

The technology of production of spheroidal 
graphite cast iron in a sealed ladle A. Jan- 
kowski, J. Piaskowski, and J. Kumor (/rz. 
Odlew., 1959, 9, (4), 89-93) The authors des- 
cribe a sealed ladle and an appliance for feed- 
ing the bath with Mg rods made out of Elek- 
tron scrap. A high quality spheroidal graphitic 
cast iron with a ferritic matrix could be thus 
obtained. The method is safe as there are no 
splashes, sparks, or fumes. Half of the Mg used 
reacts with the bath F.T.L. 

The production of spheroidal graphite cast 
iron in a sealed crane drum ladle 7. Witte 
(Prz. Odlew, 1959, 9, (4), 110-113) This is 
a method ot making it cheaply ona small scale. 
The required amount of Mg serap is introduced 
immediately before the ladle is tilted.—F.7T.1 

The effect of additions of aluminium and zinc 


with an 
variables 
mech 


in magnesium on the formation of spheroidal 
graphite in cast iron J. Piaskowski (Prz. Odlew., 
1958, 8, (10-11), 314-320) Elektron metal 
scrap is often used for modification of cast iron. 
The experiments were designed to determine 
the influence of the Al and Zn contents on the 
microstructure and especially the formation of 
spheroidal graphite. Fifteen melts with Al 
contents 30°, and Zn contents < 10° 
prepared and the test bars were annealed to 
produce uniformity of structure. Statistical 
analysis of the results of tensile strength and 
elongation tests in relation to the Al and Zn 
contents, disregarding those of Mg, Si, and P, 
showed that they have an adverse effect of the 
formation of spheroidal graphite and the 
mechanical properties of the cast iron. —M.T 

The new refractory alloys developed in 
Czechoslovakia A. Plesinger (Fonderie, 1959, 
Feb., 75-89) A description of the properties of 
nodular Si cast iron and of the Al cast ir 
followed by a detailed account of the composi 
tion, manufacture 
of the refractory Fe-Al iron 
taining 28-30°, Al (16 refs) 

The work of the permanent-mould grey and 
malleable cast iron ‘Activ’ H. Hoffmeister 
(Giessereitechn., 1958, 4, Nov., 290-291) The 
author reports on meetings of this ‘activ’, the 
aim of which is to contribute to the 
plishment of the economi task’ re 
quested by the Fifth Party Congress of the 
United Socialist Party of the East German 
Republic and mentions the introduction of 
cast-iron permanent moulds for casting grey 
and malleable iron. Thanks to the great efforts 
of this committee during the last six 
16000 t Fe have been cast in one year mostly 
in rain-water and drainage pipes. The mould 
life varies from forty to 150 castings, but 
research shows that this can be improved by 
addition of Cr. It is hoped that the new mould 
material will be available at the foundries 
during the coming months. A further aim of 
the committee is to achieve a slight reduction 
in the production of scrap.—T.G. 

Design of internal chills used in steel castings 
J. Kavka (Slévarenstvi, 1959, 7, (2), 49-53) [In 
Czech] The design and economic 
aspects of internal chills are discussed. Nomo- 
grams for design purposes are given.——P.F 

Castings 354 to the ounce h. H. Herrmann 
(Foundry, 1959, 87, April, 183-184, 186) An 
account of the production of a small stainless 
steel vane using plastic patterns and pouring 
im racnwo 18 given. 

Properties of moulding sands F. Fischer 
(Koh. Lapok-Ontéde, 1959, 10, April, 115-116 
In this article that supplements a previous 
paper of the author (ihid., 1959, 10, Feb. 
March, 56-64) the effect of humidity on the 
properties of moulding 

Modern concepts on clay minerals for 
foundry sands F. Hofmann (Brit. Foundr., 
1959, 52, April, 161-170) The effect of Na,CO, 
additions on the clay-water svstems in foundry 
sands and of the exchangeable cations, on the 
heat resistance of the bentonites was deter 
mined hy differential thermal analysis and 
conventional sand testing methods. Benton- 
ites with the highest heat resistance have high 
wet compressive strength. A.D. 

Factors affecting sodium silicate-bonded 
sands KR. E. Morev and FE. A. Lange ( Foundry, 
1959, 87, April, 188-190, 193, 196, 198) Green 
strength, gassing time, binder ratio effects of 
additives and preventions of blows are dis- 
cussed 

The regeneration of old sand by means of 
hammer mills and air separation A. Torlach 
1959, 46, July 2, 405-407) A 
description is given of two reclamation plants 
with different separators and dust filters 

Moulds with interchangeable mould cavities 
G. Nyselius ( Ponderie, 1957, Nov., 516-517) A 
description of the main features of the unit die 
system developed by the Mount Vernon Die 
Casting Corporation. 

An exercise in pattern duplication (Foundry 
Trade J ., 1959, 106, April 2, 377-384) The use 
of epoxy resin to duplicate the pattern for the 
Eland support plate as carried out by Harvey 
and Longstaffe Ltd, of Manchester, is des- 
cribed in detail. 

Precision casting with the use of permanent 
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am oy and a pulpy moulding mixture con- 
aining colloidal silica J. Do&kat (Slévdrenetvi, 

1959, 7, (2), 77-84 [In Czech] Gelation, gela- 
tion catalysts, hardening times, and other 
aspects of the process are discussed on the 
basis of detailed experiments carried out by the 
author. Recommendations for the practical 
treatment = such mixtures in the works are 
given. 

Speed flask making by welding (/ron Age, 
1959, 183, Feb. 12, 110) Steel foundry flask 
fabrication is simplified 

Contribution to the study of gating in steel 
foundry practice. Particular case of a gear 
wheel M. Jaumain (Fonderie, 1957, Dec., 
545-550) Gating design is discussed with refer 
ence to eight gear wheel casting 

Determination of the feeder sections of cast- 
ings poured in sand (Part 1) ‘ Prenckle 
Fonderie, 1957, Dec., 551-571) This article is 
extracted from a general study by the author 
on the pouring of metal into moulds. The 
deals theoretically with tl conditions 
time of filling a mould, the 
their 


first 
part 
determining the 
relevant 
application to pourin 


laws of thermods namics and 
g liquid metals, resistance 
to pourtn g in the mould, and continuous pour- 
ing into the gating systems (32 refs 

An outline of one feeding 3. G. lider 
mann (Eng. Found., 1959, 24, April, 97-103 
With discussion 

Development of aemerene mixtures for 
steel and cast iron castings \. monger § (Stal’, 
195%, (7), 616) > eigenen tay given 

Up-to-date moulding machines in East 
Germany (Koh. Lapok-Ontéde, 1959, 10, May, 
131-133) Various types of moulding machines, 
manufactured and East Germany 
(DDR) at the present time, are reviewed in the 
paper.—P.K. 

Production of cores on core-blowing mach- 
ines F. Brad&é (Slévarenstvi, 1959, 7, (3), 91 
96) [In Czech]| The advantages of core blowing, 
in particular in relation to autormnated produc- 
tion of cores are Core-blowing 
machines and their design and use are re- 
viewed. Pneumatic methods are shown to have 
potential uses also in the production of exo- 
thermic risers.—P.F. 

Mechanised core production in foundries 
B. Bradaé (Slévdrenstvi, 1959, 7, (1), 6-9) [In 
Czech} The state of development of core- 
blowing in Czechoslovakia is reviewed, and the 
design and mode of operation of some West 
German core-blowing machines are dis- 
cussed, — P.F. 

The ‘Shaw’ precision moulding process HH. J. 
Marshall (Fond. Belge, 1959, Jan., 12-15) The 
characteristics of the Shaw precision moulding 
process are outlined, and several « 
the products obtained are given, with illustra- 
tions 

Significance and properties of dielectric heat- 
ing processes in core production |.. lvorak 
(Slévarenstvi, 1959, 7, (1), 15) [In Czech] The 
principles and foundry uses of dielectric heat- 
ing are discussed. A typical core mixture for 
dielectric hardening, and the design of a 
dielectric drying unit of 300 kg/h « 
specified P.F. 

New core baking and drying facilities keep 
pace with expanded production goal (/ nd. Heat., 
1959, 26, Feb., 331-340) Increased production 
was obtained at the La Grange, Mo., plant of 
the Gardner-Denver Co., by using recirculating 
car-type ovens for oil-sand cores weighing up 
to 600 lb and dielectric heating for phenolic 
resin bonded cores.—aAa.D.H 

What problems are still to be solved in the 
carbon dioxide process? W. Schumacher 
(Giesserei, 1959, 46, July 2, 377-379) Problems 
to be solved include sticking of the sand in the 
corebox, low bend strength compared with oil 
cores, and influence of atmospheric moisture in 
storing finished cores. 

Properties and testing of moulding materials 
4 the CO, eo D. A. Taylor (Giesserei, 

1959, 46, July 2, 379-388) The reactions taking 
place between the CO, and waterglass are 
discussed, proper- 
ties of the resultant cores, and methods and 
results of testing are described in detail 

Machine fabrication of cores by the CO, 
process H. EKyckeler ((Giesserei, 1959, 46, 
July 2, 388-392) Type of core machine to be 
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used, CO, consumption, automatic hardening 
and the jlities of introducing 
the CO, process in the mec 
line are discussed 

Supply mernge and distribution of CO, used 
in the foundry J. Kk: 1959, 46, 
July 2, 392-397 Me production, 
transport, and fo 
described 

Some experiences with the 
O. Ziegler (Giesseret, 1959, 46, 
Popies disc 
tory 
atmospheri 


equipment 


possil 


hanized coremaking 


bold (Gressere 
thods of 
indry applications are 
CO, process 
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Cold veduation of CO, 
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and le 

Accident prevention in foundries when using 
oy co. “—y K.-H 
1959 46, - 2, 402-405 
the YT os fag transport 
diseu — 

The Lime CO, process Ik. Mor 
1959, 49, (1), 5-6, 8-10, 12, 14 
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The use of oiticica oil, by itself or in mixtures, 
in ery 4 _— Guimaraes and V. Le 
(Bo 1B 1959, 15, Jan., 117-147 
Peet Iwuess A study of the use Nticia oF 


l sulph 


alerum | 


bper 

Inves t 
it is shown that (a 
oiticica oil 
liom 


the use of 
nl and (b) ealenum 
ised instead of oil binde 
sand mixe »s 
— by means of lost wax 
Wrioz Ve Elect., 1958, 22, 
maa 77-84) [In Spanish! After a 
al review, the eps in the tech 
teseribed In the second 
and their properties 
rials for investment are 


sulphonate 
ind ary 
Precision 
moulding |) 
April, 71-78 
brief histori 
ml jue ar 
patte 


rreen 


part 


rnomaking materials 


are reviewed and 
described. —p.s 

Investment casting in the US and UK. 
(Found. Trade J., 1959, 106, April 9, 409 417) 
Metal specifications and practices in the US 
R. F. Waindle (409-414) review of alloys 
and their properties with future outlook, 
research, and = structures. Development of 
corrosion- -resisting investment castings with 
higher mechanical Properties and good weld- 
ability R. Taylor (414-417) The deve loy mment 
of FV 520 steel combining most of the jams 
tages of the and weldable austen 
itic types is desertbed 

Diaphragm moulding J. Lempicki (1 
Odlew., 1958, 8, (12), 347-354) A rev 
given of the g 


mats 


Thartensitic 


ew is 
eneral development of dia 
phragm moulding in the USA, and the results 
are presented of research conducted on an 
experimental moulding machine designed and 
constructed at the Foundry Insti 
tute in Krakow. A clear exposition is given of 
the advantages and disadvantages of the 
method and its limitations M.T. 

Research into centrifugal casting and heat 
treatment of S.G. iron sleeves M. Curzytek 
(Prz. Odleu 1958, 8, (10-11), 295-301) After 
a review of data obtained from experimental 
centrifugal casting of S.G. iron piston rings and 
eentrifugal and gravity die-casting of modified 
S.G. iron rings given of 


Research 


descriptions are 
experiments in similar casting of press stators 
and cylinder Special 
attention is given to the author’s experiments 


sleeves for compressors. 


thew heat treat- 
Their mechanical properties in the as 
aling to produce a ferritic 
whing and tempering, 


with sleeves and 


ret 


5.G. tron 
after anne 
matrix, after 
after isothermal hardening were compared 
Steels for moulds for die casting K. |. 
1957, Sept., $00-410) 
the se influencing the useful lfe of steel 
moulds used in the dic of non-ferrous 
These include thermal 
effects of alloying additions on 
the phy sical properties of the mould 
Artificial ageing + castings with Enko 
vibrators (Machinery, 1959, 94, April 8, 794 
795) An installation in Ludwig 
Maschinenbau, G.m.b.H. for the vibration 
of rough machined « 
special reference to the prevention of 
noise and transmission of vibrations to the 
floor. The final form of the « reached in 
4h though the treatment is continued for 6 h 
asa precaution 
Recent 4 te in fettling ©. Cros ( Fonderie, 
1957, June, 255-259) A deseri ption > with illus 
trations is given of modern 
blasting equipment 
On the pinhole problem of steel castings 
J. Péibvl (Shornik vedec Ostrave, 1958, 4 
author de 
pinholes on steel castings 
| only after heat-treatment or 
Pinhole ft explained 
of the steel with the moisture 
to FeO 


cast state, 
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338) {In Czech] The 


seribes 


water, I ! ut i i 1 
the melt by blowing inert gases through it 

Cleaning and distribution of compressed air 
in foundries A. Drozd and B. Straus 
entst 1959, 7, , 96 100 ne 
shown that th 
ait ist 
vhich it 
and used r,t 

Emissions from iron foundries | 

; ude J., 1959, 106, Ap . 439 

444 discussion © he kind articles, 


other 
fi 


pressed 
method by 


Ipole Lric 
‘ olleetion and 
alis presente 
Foundry ventilation. Some important points 
to be examined from the study of the construc- 
tion of a foundry K. Nillson and Y. Bovin 
PACT, 1959, 13, June, 220-226, 252) Ventila 
tion ding shop 


of the mo and melting sis dis 
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Production of transformer steel in vacuum 
furnaces (%. A. Garnyk and A. M. Samarin 
(Primenenie Vieack Vetalluraii., 1958, 
14-34) Reduction of C and O as of N, 
and H, by vacuum melting Com- 
parative with and 
without earried out. The 
tions for ferrosilicon addition are indicated. 

Wall Colmonoy’s new 32-inch vacuum 
furnace designed for unusually low pressure 
operation (/nd. Heat., 195%, 26, Feb., 420-422) 
The new furnace at the Stainless Processing 
Division of the Wall Colmonoy 
heat treatment and brazing 
in diameter by 44 ft 
temperatures up to 1850 C 
O-OL pe. A.D.H, 

The degassing of steel by the vacuum-casting 
— process W. Coupette (Vak Techn., 
1959, 8, May, 101-103) A description is given 
of the stream degassing process developed by 
Bochumer- Verein. Features include — break-up 
into droplets of pre-determined size, additions 
during ce and a multi-stage 
degassing operation. 

New vacuum stream-degasser yields quality 
steels (Jron Age, 1959, 183, Feb. 5, 88-89) The 
new vacuum stream-degassing 
Baldwin-Lima-Hamilton Corp. is described. 
An innovation on this plant is the use of the 
furnace ladle for pouring directly into the de- 


qearnd Ud 
as well 
is described. 
melts in induction furnaces 
condi 


vacuum were 
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of parts 
in length at 
and pressures of 
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ised for 


up to 30 In. 
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made gassing, 
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installation of 


chamber. Ingots up to 16 t can be 
poured D.L.C.P. 

The equipment required for controlling the 
course of degassing of Squid steel in vacuo 
K. Brotzmann, K. Ruttiger, K. Forster, and 
R. Hentrich (Stahl mee 1959, 79, April 2, 
410-414) Equipment and its application for 
measuring the data necessary for an appraisal 
of the degassing of steel by the 

method are Quantity 
composition of the gases liberated and quantity 
of steel in the vacuum vessel are required for 
a determination of the free mtent. 

The commerciai-scale vacuum-treatment of 
steel for rolling bars and forgings as well as for 
castings (Stah! Eisen, 1959, 79, April 30, 634 
638) Lhe discussion on ten papers published 
in Stahl u. Eisen recently on this 
reported. A great number of individual poimts 
of interest in this rather new field is raised. 

Decomposition of non-metallic inclusions in 
liquid| steel during vacuum treatment A. f. 
Vishkarev and V. V. Kondakov (Prois: 
Obrabotka Stali i Splavor, Voscou Steel Inst tute 
Coll., 38, 1958, 196-208) In two se 
laboratory experiments it is shown 
the reducing potential of dissoly 
ased until it is able to reduce other oxide 

ms in Fe, and that the reactu 
auto-catalvtic as nucleation of a new 
phase and of CO bubbles is facilitated. MnO 
and Cr,O, type of inclusions and silicates ar 
much reduced. Aluminates are more resistant 

Vacuum-degassing of low-carbon rimming 
steel during teeming or during solidification in 
the mould. |. Vacuum extraction of teomed 
rimming mild steel (i. Hy: and W. He 

tahl Bis 1959, 79, neil , 405-407) TI 
il n extract r\ uur 
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The removal of oxygen from liquid steel by 
vacuum treatment H. Knuppel, A. Drever 
mann, and F. Octers (Stahl Eisen, 1959, 79, 
April 2, 414-419) Vacuum treatment of molten 
steel make of the shift o 
state in the and of the char 
rate bet we and carbon by a reduc 
tior 


ft the equilibrium 


S Use 


stee] ve in reaction 
en oxygen 
lhe following aspects are d 
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gen level 
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ed 


the steel acts rent to susper 
oxides, particularly Cr ve Bo s Tr. 

The behaviour of phosphorus and arsenic- 
bearing iron melts under a high gag W. A. 
tm her and A. Hoffmann (Arch. Eise 
1959, 30, April, 199-204) Charg 
~1°,P, 0-2%, As, and 0-001- 3°,( 
ble melted at 
heated for various times, 


nhiit., 
res containing 
were crTuci- 
pressures of 107->-10-% mm, 
cast in and 
due lective 
evaporation of the constituents and absorption 
in the crucible examined (23 refs). 


avacuun 


the changes in composition to se 


REHEATING FURNACES AND 
SOAKING PITS 

How to keep soaking pits up to date J. bh. 
Oram (Steel, 1959, 144, June 8, 122) Automa- 
tion systems are very brie fiv outlined. 

Induction furnace to serve upsetter (\/ etalw 
Prod., 1959, 103, June 19, 1067-1069) A fur- 
nace handling bars from j]~—1} in. dia., 9-16 in. 





ut of 326 lb/h 
at 150 kW has 
ons Ltd. Feed and po 


improvement of meet insulation for ducts in 
rolling-mill continuous furnaces K. >. Nazar 


Stal’, 1959, (8), 732 note from Magnit« 


HEAT-TREATMENT AND 
HEAT-TREATMENT FURNACES 


Automatic controls for protective atmos- 
pheres W. ©. Diman (Met. Prog., 1959, 75, 
April, 70-83 ito ic contro nd svstem 
nterlocks t eussed in i mm to the sate 
guarding of working c« itic in the opera 
tion of generators of re ing atmospher 

Controlled atmospheres in Australia F. P 
Heard (Met. Prog., | O08, 28, Jan., 98 100 
author describes the i \ 
mtrolled ¢ 
ysuntry tha 
Now by-pro 
provides the 
heat-treater 

High purity nitrogen 99 99 by new pro- 
cess (/nd. Heat., 1959, 26, Feb., 278-280, 399 
\ process h been develope 
Process Division of the | adiane 
Co... is ‘ gaseous or liquid fuel is t 
with ¢ ‘ controlled eonditions g 
catalvst e CO, and water apour are re 
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luect propane from oil re 


necessary raw material for 
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taining H 
anit A.D.H 
Making and treating alloy steel ge i 
R. R. Fayvles (/nd. Heat., 1959, 26, April, 
The authe heat treatment 
oft th 


rr discusses thie 
of alloy steel plates and describes some 
finishing operations, including levelling, grind 
ing, and cutting G.t 
Heat treatment in salt baths Hi. Ko 
Vetalen, 1958, 13, Den 31, 436-440 
Duteh} This paper deals with the composit 
preparation, and Operation of salt) baths 
kinds for the hardening, tempering, 
and nitriding ete. of metals. It 


nts 


various 
carburization, 
with a list of general hi 
toxicity, and 


concludes meer 


ing essential safety precautions, 
the welfare of the workpeople employed 
Continuous hardening and tempering of 
heavy loads of cast iron parts Kk. 5. Hammond 
Ind. Heat., 1959, 26, Feb., 262-266) Gas-tired 
equipment for the continuous hardening, 
4000 Ibs/h of 
belt conveyor 


pins which fit into 


quenching, and tempering of 
castings is described. The 
has integral cast crank 
adjacent links. 1..D. 8. 
Flame-hardening excavator parts (Metal 
1, 1959, 59, April, 181-182, 184) A des 
criptio is given of the oxyv-town-gas equ 
ent used by Ruston-Bueyvrus for flat 
and ning excay 
Peddinghaus transfer-type flame-hardening 
machine at the works of oo Bucyrus Ltd 
Vachinery, 1959, 94, March 25, 685 686) The 
ntly-installed ight-station Pe haw 


achine which automatical 


alloy 


ator part 


parts of track links subject to 
deseritbed 

— sora carburising I1 

» 1959, » April, 176 180) It 

hown that a satisfac 
be obtaimed in the 
ing of plan Cc, N 
steel, particularly 
operation is used 

Automatic heat treating in continuous roller 
bearing manufacture |.. Hi. beveritt and ©. | 
Cullen (Ind. Heat. 1959, 26, Feb., 250 258, 424 
The layout, operation, and control of furn: 
for the 


Aces 
continu iS vas carburizing, quenching, 
and tempering o ) race 
SAE 4620 at the 3 
deseribed A.D.H 

Induction hardening of tractor axles |’ 
Carbaugh and A. H. Pittaway Ind, Heat., 
1959, 26, Feb., 286 298, 400 The fatigue 
properties of carbon steel nduectior 
hardened to {C50 were superior © similar 
quenched, npered, and cold-worked alloy 
Phe deve 


axles 


steel com lopment of an auto 


vairt 


Effect of the conditions o heat weatmont on 
the increased grain growth of soft iron 
248, I 


1454, 
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Spheroidizing annealing of 
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ikwa and S. Pireprznik (P Odlew., 1958, 8, 
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a2 
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Vertical furnace line of new design con- 
tinuously anneals wide stainless steel strip in 
controlled atmosphere |). |.. Somers and ( 

Ind. Heat., 1959, 26, June, 1103 
I} j wh, Opera n, and pro 


trip properti 

Heat treatment of poems plungers of die- 
casting machines (\/: s 1959, 
6 +s Ir ( ZOECT An ri al tiv 

reatments ed with pearlitic 

" { mn recent Czec 
h eribed Pa 

onantien pene patenting a for steel 
wire (Wire Ind., 1959, 26, Jan., 74) The 
ain f t es of furnaces for the 
ardening, tempering, and patentu 
vire are | fivy presented A. f 

Stress relieving in situ J. W 

Vetallurg 1959, 59, April, 183 184 
acceoul is given of the stress-relleving on st 


of the large welded pressure vessels installed 
the Bradwell Power Stator his was accon 
plished by covering them with 


pplying heat within the 


mineral wool 
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Improvement of mechanical properties of 
normalized drilling tubes by ner aad in the 
heat treatment |:. S 


Hhut 105 


roces 


are insect ‘ U 
Quench and temper process for the manu- 
tastave of high strength tubular products H. B 
I 1 Ind. Heat.. 1959 26, I 54) 
sO, SI $14, S16, Bl $2 


ra 


oneneten the cooling ‘efficiency in water 
wert \ Kre 1us 1959, 14, 


nhanee 
The stability 
funetior 


ft quence erature 


eter; nickel is alse sed. The 
sult tre represented in eighteen diagrams 
Unique cooling systems aid operations at 
Precision Heat Treating Co. (Jd. Heat., 1959, 
26, \; i 
and retrigeration vat imstalled 
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FORGING, STAMPING, DRAWING, 
AND PRESSING 


— research in progress at BISRA J. (: 

istreic Rev. Mét., 1959, 56, May, 418-424) 
: report presented at the Autumn Metallur 

il Meeting of the Société Francaise de 
@tallurgie in October 1957 

Production of crankshafts in acicular cast 
iron L. A. de Lacerda Santos and C, Guimaras 
Bol. ABM, 1959, 15, Jan., 91-116 
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material are set out and followed by a brief 
account of the first experiments to produce 
nodular graphite, acicular grey cast iron crank- 
shafts for even greater strengths. A brief dis- 
cussion follows the article.—pP.s. 

Semi-automatic forging machines for axles 
and tubes |. Latinak and G. Péhm (Koh. Lapok, 
1958, 13, Dec., 564-568) The authors describe 
two semi-automatic forging machines used in 
the Austrian firm GFM Steyer. The first is 
employed on the forging of axles up to a maxi- 
mum dia. of 90 mm. The number of strokes is 
540 per min, and the maximum power 100-t. 
The achieved +0-2 mm tolerance eliminates 
the necessity for the rough cutting of the parts. 
The machine can also be used for cold-forming, 
the tolerance then attained is +0-1 mm. The 
second machine is used for the forging of tubes 
up to a maximum dia. of 130 mm. The number 
of strokes is also 540 per min; the maximum 
power is 120-t.—-P.K. 

Sheet as with a multiple slide press and 
a follow-on die J. H. von der Burgt (Jng. Mecc., 
1958, 7, Sept., 33-47) The economics, opera- 
tion, and quality of product are compared in 
the use of these two methods, applied to the 
forming of thin sheet. 

The processes taking place in the punching of 
steel and non-ferrous metals with round 
punches. Part t1. Large-scale investigations to 
determine the influence of surface condition on 
the life of the punches K. Dies (Maschinenwelt 
Elek., 1959, 14, March, 109-115) It is shown 
that, under certain conditions, a punch 
machined so that its surface smoothness is not 
too great can give the best results in respect of 
the life of the tool. 

A self-adjusting draw plate V. A. Zarak 
(Stal’, 1959, (8), 754) A design for a plate auto- 
matically holding the axis in the direction of 
the pull is shown. 

Determination of the effect of treating metal 
before drawing (after pickling) in sodium 
silicate (instead of lime water) |. P. Zabaluev 
(Stal’, 1959, (8), 732) A note from Dnepros- 
petsstal. Waterglass dens. 1-44, SiO0,:Na,O0 
2-6 was used and dried out at 100—-200° for 
1-2 h. As compared with lime treatment, fric- 
tion is reduced, tool wear and surface quality 
improved and the absence of lime dust removes 
a health hazard. 

Conference on the theory and practice of 
drawing and cold-rolling of tubes B.S. Tseitlin 
(Stal, 1959, (7), 641-642) A very brief report 
on the twenty papers presented and on the 
resolutions adopted at the conference. 

Analysis of the deformation of material 
during the drawing process. 11. M. Lanfranco 
(Ing. Mece., 1958, 7, March, 7-16) Friction and 
determination of its coefficient, heat generated 
in the wire and die during drawing, lubrication 
and wear, and types of lubricants used in wire 
drawing are reviewed (17 refs). 

Wali deformation during expansion tube 
drawing V. L. Kolmogorov, V. A. Aleshin, and 
A. D. Shnee (Stal’, 1959, (7), 638-639) For- 
mulae for the reduction of wall thickness 
during stretching and compression are derived 
from ductility theory and shown to be suitable 
for practical use. 

Treatment and determination of the condi- 
tions of electrolytic etching of draw-plate bores 
I. P. Zabaluev (Stal’, 1959, (8), 732) A note 
from Dneprospetsstal. High surface finish and 
precise bore dimensions are obtained, and the 
process is much superior to lapping. 

Speed effects in deep drawing G. Ochler 
(Mitt. Forschungsgesellschaft Blechverarbeitung, 
1959, Jan. 25, 23-25) The author discussed the 
findings of Coupland and Wilson (Sheet Metal 
Ind., 1958, 35, 85) and interprets and explains 
then from his own experience. —tT.G. 

The laws governing the deep-drawing of 
round, square, oblong, and elliptical parts with 
holding of the blank W. Panknin and W. 
Dutschke (Mitt. Forschungsgesellachaft Blech- 
verarbeitung, 1959, Jan. 25, 14-23) Formulae 
are derived for the various parameters govern- 
ing the deep drawing of round and other shapes 
The effect of edge radii, particularly in square 
parts, is discussed. The formulae are intended 
as a guide for the workshop. —r.a. 

Performance (preparation) of smali tools 
made out of alloy steels by cold extrusion 
E. Zimhorski (Prace Inst. Mech., 1958, 7, 


(24), 67-79) This is an attempt to establish the 
magnitude of the pressure to be applied to 
achieve a certain working depth when making 
dies by cold extrusion. The experiments were 
carried out in an appliance which ensured that 
the volume of the sample (10-15 mm dia) could 
not change when compressed. The preparation 
of the negatives is the main difficulty of this 
technique as most of them were destroyed 
when the pressure reached 350-400 kg/mm? 
and therefore the pressure used should not 
exceed 300 kg/mm?. The negative was made 
out of an alloy steel (1-10%C, 0-1°,Mn, 1°Cr, 
1-5%W or 0-5%C, 0-9%Si, 1-0%Cr, or 2%W). 
The alloy steel with 1-0°,C is suitable for every 
kind of die for the heaviest duties if made by 
this method. Several graphs give the relation 
of the working depth to the size and the pres- 
sure applied.—F.T.L. 


ROLLING MILL PRACTICE 


Determining the load in the main drive for 
mill 550 I. P. Zabaluev (Stal’, 1959, (8), 731 
732) A note from Dneprospetsstal. Oscillo- 
grams of motor characteristics during rolling of 
five grades of steel to 65-110 mm were ob- 
served. Loading at the root-mean-square 
current value was 71-4% (max. current 
+ 171% nominal value). 

The distribution of specific stress in the zone 
of deformation during piercing V. Ya. Osadchii 
and A. Z. Gleiberg (Stal’, 1959, (8), 723 
Pick-ups were inserted in the rolls and used to 
trace stress conditions during piercing. 

Measurement of force and moment during 
hot rolling J. Jonca and J. Rabalski (Hutnik, 
1959, 27, (3), 113-121) [In Polish] Conditions 
of measurement and demands made of feeler 
gauges and other measuring apparatus are 
discussed and the tensometer for measuring 
forces. A description is given of the construc 
tion and the principles of action of a force 
gauge and a moment gauge. Results of tests 
under laboratory and industrial condition are 
shown and also the application of amplifying 
and metering apparatus. 

Moment and force during rolling A. Geleji 
(Hutnik, 1959, 27, (3), 105-113) [In Polish] 
Equations were evolved which should give 
rolling moment and force. A coefficient ~ was 
then brought in to correlate this theory with 
actual results. Equations for calculating the 
position of the neutral axis were also evolved. 

Pressure on rollers and roller bearing dura- 
bility in hot and cold roiling mills ©. Emicke 
(Hutnik, 1959, 26, (3), 93-98) [In Polish] The 
article is concerned with durability of rolling 
bearings in rolling mills. The author gives an 
original nomogram to enable an optimum 
choice for heavily loaded roller bearings to be 
made. The method of using the nomogram is 
given. The nomogram was evolved using co- 
efficients of durability and rate of revolution. 

Analytical and graphical method of continu- 
ous slabbing-mill roll drafting J. Bazan 
(Hutnik, 1959, 26, (2), 63-72) [In Polish] This 
is a method of calculating the profile required 
by introducing three different coefficients of 
pressure as a function of extension. From this 
relation a graphic method of solution of two 
equations has been given and the solutions 
found determine unambiguously the profile 
required,-—-¥.T.L. 

Causes of fractures of, and damage to, 
smooth barrel work rolls during hot and cold 
rolling M. Musia: (Hutnik, 1959, 26, (1), 22-30) 
{In Polish] The author discusses the causes of 
fractures and damage, such as failure to 
observe correct rolling temperatures, undue 
roll pressures, metal fatigue, metal and casting 
faults and bad design, observed during hot and 
cold rolling in sheet, plate, and strip mills. 

Manufacture of rolls for steel rolling in the 
foundry of CSN P. W. Alms (Bol. ABM, 1959, 
15, Jan., 51-69) [In Portuguese} Details, with 
illustrations, of the foundry techniques used 
are given. Hard rolls are made by a double 
fusion technique; the mould is filled with the 
special iron and after a certain time the molten 
core is displaced with ordinary cast iron, slow 
pouring being necessary to avoid rupture of the 
solidified shell. Reverberatory furnaces have 
been found advantageous in that a greater 
amount of scrap can be used and the product is 
of lower cost. —P.s. 
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Technical progress in the production of cast 
iron rolls in the last 10 years at the Buczek 
Metallurgical Works 8. Raczynski (/Prz. 
Odlew., 1959, 9, (4), 97-101) The object of the 
production started in 1946 in Poland was to 
meet the demand for rolls, mainly polishing 
rolls (85 to 100 Shore hardness) and also others 
such as rolls for continuous tinplate mills, half- 
hardened alloy rolls (Cr-Ni), 60-t rolls for 
rolling plate, quadruple rolls, and rolls made 
out of spheroidal cast iron. Outlook as regards 
the possibility of further development is 
added.—¥.T.1L. 

Raising the endurance of continuous thin 
sheet mill rolls A. E. Krivosheev, L. 8. 
Rudnitskii, Yu. N. Taran, and I. E. Lev (Stal’, 
1959, (7), 629-636) The production of a layer 
with white cast iron structure is discussed. 
Effects of Ni and Mn on structure and hardness 
were determined and carbides were identified in 
the surface layers. A scale of purity for white 
iron is drawn up. 

Development and introduction of a round 
roll-pass design for a continuous rolling mill 
for 66 mm dia tubes (Stal’, 1959, (8), 733) A 
note from the Lenin plant. An oval pass gave 
a ‘swallowtail’ at the rear end, but this was 
obviated with a round roll pass design. 

Experiments in the use of rolls of increased 
hardness and magnesium dified cast iron 
rolls on automatic mills (Stal’, 1959, (8), 732- 
733) A note from the Lenin plant. Shore hard- 
ness 48-52 is recommended. Mg-modified iron 
rolls were better than 30-42 Shore rolls but 
worse than the 48-52 Shore type. 

Improved design and manufacturing tech- 
nique of the cooled piercers for the tube rolling 
plant unit 140, with the automatically con- 
trolled mill (Stal’, 1959, (8), 732) A note from 
the Lenin plant. Piercers with maximum wall 
thickness and external as well as internal 
water cooling had the best wear-resistance. 

Raising the endurance of working rolls in the 
three stand cold rolling mill in the sheet rolling 
shop M. A. Petrova (Stal’, 1959, (8), 732) A 
note from Magnitogorsk. Causes of withdraw- 
ing the rolls from service are given. 

A study of the endurance of cast iron rolls 
I. P. Zabaluev (Stal’, 1959, (8), 731-732) A 
note from Dneprospetsstal. The effect of white 
iron on wear was established. Smooth wear 
occurs with fine-grained pearlite-cementite 
mixtures. Mg-treated cast iron has the struc 
ture required. Cooling with water on the outlet 
side of the roll prevented coarse spalling of the 
white-iron faced rolls. 

Some types of breakage that occur in sheet 
rolls at CSN N. B. Pires (Bol. ABM, 1959, 15, 
Jan., 5-50) [In Portuguese] Details of the 
plate, sheet, and strip mills at the Volta 
Redonda plant, the type of rolls used in the 
roll consumption and roll performance are 
given in tabular form; this also enables im- 
ported rolls to be compared with those of CSN 
manufacture. Numerous photographic illustra- 
tions of the principal types of damage, spalls, 
and fractures, are given and the cause and pre- 
vention is discussed for each. The importance 
of cooling, particularly in the hot strip mill, is 
emphasized and it is pointed out that best pro 
tection from damage comes from careful use in 
service plus systematic reconditioning. Some 
rolls have been found to be more susceptible 
than others, but the reasons for this are not 
yet obvious. The article is followed by a brief 





discussion. —P.8. 

The new installations of the Société Métal- 
lurgique d’Imphy ((’sine Nouvelle, 1959, 15, 
June 18, 33) An account of the opening of the 
new rolling mill with a brief description. 

Lowering metal consumption coefficients in 
rolling shops N. I. Beda and N. K. Kotov 
(Stal’, 1959, (7), 642) A note from Petrovskii 
Measures taken in ingot casting and tolerance 
adjustment to save metal in the rail shop are 
mentioned. aad 

The problem of the specialisation of con- 
tinuous wire and fine-gauge rolling mills I. 5. 
Kagan and V. S. Chernikhov (Stal’, 1959, (7), 
636-637) Observations on a new continuous 
wire mill are related to previous findings of the 
most economical wire rod diameter (6-5 mm). 
Light gauge mills rolling 10-16 mm sections 
are shown to be less economical. 





The delivery of rolled 1% by theoretical 
weight S. M. Burnashov, V. P. Kozhevnikov, 
and M. M. Shternov (Stal’, + 59, (7), 627-629) 
A discussion of the effect of tolerances on 
rolling practice and the complications intro- 
duced by the theoretical weight basis. It is 
suggested that actual weight should also be 
taken into account. 

The influence of the rolling process and 
carbon content on the properties of aluminium- 
killed deep-drawing steel Kh. Sh. Levinson 
(Stal’, 1959, (7), 655-657) A review from pre- 
vious papers in Stal’ and Stahl und Eisen. 

Cold rolled-silicon sheet of 1 mm ae 
A. 1. Bielyakov, A. A. Niefiedov, and M. 
Simakova (Hutnik, 1959, 9, (3), 78-80) (In 
Czech] A description is given of a method of 
cold rolling low-loss 3%Si steel without the 
need to change existing rolling equipment 
significantly. Heat treatment schedules are 
given. High quality steels are obtained. —pP.F. 

improving the quality of cold-rolled trans- 
former steel M. I. Kolov (Stal’, 1959, (7), 657) 
A note from Magnitogorsk. 

Cooling of rolls in the production of foil 
S. Némeéek (Hutnik, 1959, 9, (3), 86-88) [In 
Czech] Current cooling methods and the effect 
of incorrect cooling on foil quality are dis- 
cussed.——P. F. 

Importance of wide strip rolling alleys in the 
production of sheet for preserve tins M. Honzik 
(Prumysl Potravin, 1959, 10, (3), 138-143) [In 
Czech} Rolling and continuous tinning as well 
as other aspects of production technology are 
surveyed. —P.F. 

The effect of coiler tension and back tension 
in rolling steel strip M. Kvétensky (Hutnik, 
1959, 9, (2), 50-53) [In Czech] The effect of 
both types of tension on roll pressure 1s con- 
sidered, and nomograms for evaluating it are 
given. The advantages of coiler- and back- 
tension can be fully utilized only with auto- 
matic roll pressure control.—P.F. 

Hot-rolied strip of soft, plain-carbon steels: 
quality specification. (Werkstoffblatter Verein 
Deutscher Eisenhiittenleute, Stahl-Eisen Werk- 
stoffblatt, 028-59, Ist ed., Jan, 1959, 3) This 
specification contains, inter als a, a classification 
of the steels according to their uses together 
with a table of com positions.—-T.G. 

Problems in cold rolling K. R. Pawlowitz 
(Maschinenwelt Elek., 1959, 14, March, 115 
118) An outline is given of problems associated 
with the improvement in efficiency of German 
cold-rolling practice. 

Flying shears for continuous billet mill trains 
O. Obdrzélek (Hutn. Listy, 1959, 14, (1), 3-8) 
{In Czech] The construction of modern flying 
shears is reviewed, with particular reference to 
recent Soviet designed automatic shears work 
ing in the Moscow Hammer and Sickle works 
These are of the electric planetary type.—P.F. 

Automatically-positioned ingot buggy re- 
duces downtime, improves ingot —— (Ind. 
Heat., 1959, 26, April, 740, 746) Brief details 
are given of a new cable-driven ingot car which 
has improved rolling mill operations at the 
Geneva Works of United States Steel Corp. The 
car is automatically positioned by means of a 
GEC control system.—G.F. 

Cracks forming on rolling semi-ferritic steel 
AK 1B J. Teind! and E. Kamenska (Sbornik, 
(Ostrava), 1959, 5, (1), 43-49) [In Czech] It is 
— that contrary to earlier views expressed 
by Zezulova and Koutnik (Hutn. Listy, 1958, 
13, (5), 412-418), avoidance of a two-phase 
structure by the use of a low temperature for 
the finishing pass in rolling this 15-5-18-5%Cr 
steel does not guarantee absence of cracking. 
The important condition is proper surface 
preparation of the sheet prior to the last pass 
by surface grinding in the rolling direction. 

Preventing the occurrence of premature 
cavitation in the piercing of high-alloy steels 
O. A. Plyatskovskii and G. P. Pishchikov 
(*Stal’, 1952, April, 330-336) An examination 
on stress and flow conditions in the piercing 
process is described and factors increasing and 
decreasing bore quality are identified. Inlet 
cone angle of 4-5°, use of the highest possible 
temperature for the grade of steel used, knurl- 
ing of entry cones to reduce slip, minimum 
reduction, advancing the plug as far as possible 
beyond the roll gorge and the use of elongated 
plugs are recommended. 


MACHINERY AND SERVICES FOR 
IRON AND STEEL PLANT 


Gas turbine installations using waste heat 
from metallurgical furnaces A. I. Zaitsev, A. L. 
Rutshtein, and B. V. Sazanov (Stal’, 1959, (7), 
665-669) A review of working conditions and 
advantages of such installations built into 
furnace systems. They are not to 
decrease and even to regenerator 
efficiency. 

Waste heat utilisers and gas cleaning plants 
behind LD vessels and converters H. Ras 
worschegg (Berg. Hiitten. Monatsh., 1959, 104, 
Feb., 31-40) The development of boilers 
utilizing waste heat in the LD vessel, detailed 
description of some LD plants using the sys- 
tem, gas-cleaning equipment, and applications 
to bottom-blown converters are discussed. 

The waste gas probiem in the production of 
oxygen steel, with special reference to the LD 
process K. Baum (Berg. Hiitten. Monatsh., 
1959, 104, Feb., 41-50) Various solutions to the 
problem of removing brown fumes from the 
waste gases are discussed with reference to 
economic factors; the solutions are applied to 
the LD process, with a discussion of the prob- 
lem as it affects other refining processes. 

Final report of service trials of steel coal 
wagons (1939-1954) J. C. Hudson (/JSJ, 1960, 
194, Jan., 45-49) [This issue} 


LUBRICATION 


Reduction in the number of types and 
appraisal of quality of lubricants in the iron and 
steel industry and the mining industry G. 
Géttner (Stahl Eisen, 1959, 79, Feb. 5, 148 
156) A general paper dealing — inter alia — with 
rolling mill oils and greases for roll necks. The 
testing of lubricants is briefly described.—tT.G 

Activated lubricants for cold-rolling stainless 
tubes A. Z. Grebenshchikova and Vv. 
Kukarskikh (Stal’, 1959, (7), 640) Graphite-oil 
compositions lead to some carbide formation 
and intererystalline impoverishment of Cr. It 
also leads to staining not removed by pickling 
and brightening. Compositions without graph 
ite were tried. Burning off at 500-550° re- 
moved all organic matter. Various mixtures 
using inorganic chlorides found satis- 
factory. 


shown 
improve 


were 


WELDING AND FLAME CUTTING 


, Seer arc welding of 13-123-type steel 
. Hajzler (Zvaranie, 1959, 8, (3), 92-96) [In 

co zech} The tec hnology of manual are wek ling, 
electroslag welding, and automatic welding 
used in the manufacture of boilers of up to 
120 mm thickness in the Klement Gottwald 
steelworks in Ostrava is described.—?.F. 

Welding in wwire & J. Cabelka (Zvdracsky 
Sbornik, 1959, 8, (1), 28) Welded bodies of 
rotating tubular ore roasting furnaces, blast- 
furnaces, ingot moulds, rolling mill rolls, and 
mill stands are mentioned in particular in this 
article which covers a large number of applica- 
tions of welding in iron and steel works, “ae 
for repair and for new constructions. —™."' 

Fluxed-cored CO, welding process A. F. 
Chouinard and J. A. Howery ( Welding J., 1959, 
38, April, 334-341) Several exainples are given 
of the use of this process on carbon and low- 
alloy and its advantages are 
ized. 

Automatic submerged arc welding of cold 
resistant steel  aaae) a ceramic flux 
Khrenov, M. N. Gapchenko, and D. M. 
Kushnerev (Avtom. Svarka, 1958, 11, (12), 50- 
56) The results are given of work to develop a 
ceramic flux for welding 0-12%C, 3-32%Ni 
cold-resisting steel with a welding electrode of 
similar composition. High impact strength of 
the weld metal at 160°C was obtained. The 
necessary post-weld heat treatment is out- 
lined; loc al treatment is recommended.—wm.T. 

Problems of the welding of corrosion- 
resistant steels from the aspect of intergranular 
corrosion J. Naémec (Zvaranie, 1959, 8, (3), 74- 
78) Consideration is given to the heat-treat- 
ment of such steels and the service conditions 
under which they find application. Detailed 
methods of testing their corrosion resistance 
are set out, and automatic welding methods 
are considered which will produce stabilization 
of the weld: submerged arc, argon arc with a 


steels, summar- 
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consumable electrode and CO, arc, with par- 
ticular reference to Ti as a stabilizer. This was 
found to be an economical and satisfactory 
stabilizer during consumable electrode are 
welding.—M.T. 

System and technique of repairin 
cast iron castings at the Stankolit 
Moscow J. Holtorp (Prz. Odlew., 1959, 9, (3), 
71-75; (4), 102-106) During a visit to the 
USSR the author studied this question in par- 
ticular. At the Stankolit Works defective cast- 
are classified into (a) surface faults, 
(b) internal faults, (c) porosity, (d) unfettled 
surface faults, and others, and are and gas 
welding are used to make good defective cast- 
The types of faults and the appropriate 
welding method and conditions are tabulated 
in detail. Various methods and appliances for 
improving defective castings are described, 
mainly by using hot and cold electric welding 
and various kinds of electrodes. As a rule the 
department that made a defective cast has also 
to remove the defect. F.T.L. 

Application of welding to the repair and 
manufacture of spare parts for a rolling mill 
K. Weber (Schweissen Schneiden, 1959, 11, 
June, 244-245) A des ription is given of the 
repair by welding in situ of the frames of two 
rolling mills, and of the of a 
welded spare. 

The development and perfecting of the tech- 
nique for welding rolled strip for tinplate on a 
butt-welding machine in a sheet rolling mill 

N. Pavlyutin and L. A. Nikolaeva (Stal’, 
1959, (7), 642) A from Magnitogorsk. 
Faults found in the machine and their elimina- 
tion are briefly indicated. 

Technology of repair welding the spokes of 
the driving wheels of locomotives P. Hrbal 
(Zvaracsky Sbornik, 1959, 8, (1), 82-108) 
Repair welding of 0 ‘22 YC steel wheels may be 
conducted at 20°C without preheating. The 
edges of the double-V groove welds should be 
chamfered at 60° by air-are cutting with the 
use of compressed air, and the weld beads 
should be deposited alternately on both sides 
of the chamfers, and moderately peened; the 
welds must then be machined down to the 
level of the spokes. Other parts, such as the 
rim, may be similarly welded. Good track 
service is given by the wheels repaired, if the 
repair is correctly carried out M.T. 

Maintenance waning of high-test -_ pipe 
4. M. Hill and F. Zilm (Weld. J., 1959, 38, 
April, 326-333) souual welding procedures 
proved unsatisfactory for the maintenance 
welding of oil line pipe in grades X46 and X52 
due to the quenching effect of the oil. A series 
of tests is described and recommended methods 
of welding given. 

Development of welded-steel lathes G. M. 
Sommer (Weld. .J., 1959, 38, April, 342-346) 
The Axelson lathe recently developed by 
Clearing Machine Corp. of 
cribed, its advantag 
tures of the 
eribed. 

Welding and machining of clad sheet for 
chemical equipment H. Dahms (Schweissen 
Schneiden, 1959, 11, June, 221-223) The tech- 
niques of welding clad sheet, and the necessity 
for correcting welding and heat treatment to 
prevent cracking of the cladding are discussed, 
with some examples from practice. 

Manufacture of shaped arc-welded tubes on 
the 51.152 tube arc welding machine (Stal’, 
1959, (8), 732) A note from the Lenin plant. 
Square and rectangular tubes have been pro- 
duced from round tubes. 

Structural changes occurring in weld-surtac- 
ing alloys used in high-pressure steam turbine 
armatures K. Lobi and J. Jeéek (Zvarane, 
1959, 8, (3), 88-91) [In Czech] A number of 
high-alloy cast irons were studied with a view 
of determining which of them showed the 
greatest stability in operation. Alloys best 
suited for work at various temperatures in the 
range 400-700°C selected for 
mendation.— P.F. 


Electrodes and the 


defective 
oundry in 


ings 


ings. 


manufacture 


note 


des 
fea- 


des- 


Chicago is 
outlined, and 
construction 


es are 
design and 


were recom 
development of welded 
structures F. Faltus (Zvaranie, 1959, 8, (3) 
71-73) {|In Czech) The basic science of welding 
and its development in relation to welded 
structures in Czechoslovakia are surveyed 
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New filled yy een for weld-surtacing of 
rolls L.. Lakato ray 1959, 8, (1), 12-16 
In Czect Det are given of the ee 
ment and us Hed tubular electrodes Pr 

A new encteaitie electrode VUS EA3 for 
welding austenitic MnCr (titanium stabilised 
steel for operation at steam temperatures of 
about 600 CS. Horvath (Zvraranie, 1959, 8, (3), 
78-85 In Sloval 

go ray b aad making tubular electrodes 

nie, 1959, B, (1), 9-12) [In 
h manutacture of 


low-carbon strip is 


hese are suitable for velding 
on filling 


with suitable metallic 
The development of the production of filler 
materials for arc welding in the a 
works during the last 20 years A. Klean 
Zvaranie, 1959, 8, (3), 65-70 In Czech}. 
Rolled and G@awe steels a filler metals in 
welding We toffblatter erein Deutsche 
Eisenhittenleute, i we Werk fblatt 
RSO-59, 2 This specifics 
tion drawn steel wire only, 
n of the ster 
coramys o their uses as fille 


applic 
not to ca ods. The 
is listed 
metal r.¢ 
The weldability of various carbon or alloy 
steels P. Bastien, C. Dubois, H. Lejay, and 
{ Roques Soud Techn. Conn., 1959, 13, 
Jan./Feb., 5 25: discussion, 26-30) This paper 
Autumn Meeting of the 
Francaise de Métallurgie, Oct. 1958, 
and to the oon es Ingénieurs Soudeurs, 
Nov. 1958 


seven low 


positio 


was presented at the 
Société 


with twelve carbon and 

with reference to the 
danger of brittle fracture in welding and the 
interpretation of impact tests. The effect of 
H, is discussed (32 refs 

The behaviour of weld seams in the enamel 
ture range from - 200 to 500 C W. Hum 
mitzsch (Schweiss. Schneid., 1959, 1, Feb., 
39-46) Duetility ind) embrittlement of a 
number of steels in the temperature range 

200° to 00 Cand their welding behaviour 
choice of discussed 
and the use of 
advocated 
fluctuations of the parts are 
\ number of applications are 
ommendations for 
of weld seams are included r.G. 

Probiems arising in welding stainless steels in 
relation to intercrystalline corrosion J. Nemec 
(Zvaranie, 1959, 8, (3), 74-77) [In Czech] The 
use of protective atmospheres in welding Ti- 
stabilized stainless steels is discussed and the 
submerged arc A method 
welds to inter- 
proposed, The sample is 
submerged for 2 h in 10°,HNO, containing 
30 g NaF /litre. Places liable to corrosion are 
darkened on withdrawal from the solution. 

The effect of chemical composition on the 
mechanical properties of 25/20 Cr/Ni electrodes 
J. Vidrma (Zvaranie, 1959, 8, (3), 85-87) [In 
Czech} The quality of the electrodes, chiefly 
determined by the resistance of welds to crack- 
ing, was found to be determined by the 
Cr Mn C relation, i.e. the position of the 
omposition in the ternary phase diagram. A 
rutile type of shielding 1s less desirable than a 
basic electrode envelon Pi} 

The ‘White’ strip in welded joints in steel 
ISKHIMIF B.S. Kasatkin I Kareta, 
Yu. N. Vakhnin, and 8S. 1 German (Avtomat. 
Svarka, 1958, 11, (12), 12-16) The ‘white’ strip 

urs in this heat-res steel (0-15°.¢ 

1°. Mo) at 2-5-3-0 mim from the 
the heat-affected zone 
wich The rese 


and the electrodes are 


Inert-gas-shielded are welding 


modern fine-grain steel are when 
large temperature 
to be « x pected 


described; rec heat-treating 


method is considered, 
for testing the resistance of 


granular corrosion is 


isting ’ 
fusion 
and is about 
arch carmed out 
nected with residual 
of the edyes of the welded 
metalin the area heated to temperatures below 
the Ac, point. It a marked erystal struc 
ture and an content in the solid 
solution, and apparently also of N. The nature 
of the formation of the ‘white and the 
one of ageing elded j identical. 
Residual plastic deformation is the prime 
and not the high rate of cooling from 
temperature »w the Ac, point M.1 
Brittle fracture: welding problem No.1 in 
Structural engineering |. Seltenhammer 


» hie 


shows that this strip is cor 
plastic detormatior 


has 


strip 


ints is 


cause, 


s bel 


isstechn., 


} 


1959, 13, 


rittie-fracture 


April, 37-46 
» problem with par 
ling 


tre 
brittle 
discuss 
The No.1 problem in arc welding \ 
Strasser (Eng. Min. e Met., 1958, ~ 
337-341) [In Po xe} The authe 
out that at least of are welding 
are related to so 


majority of the « } originate 


stg j io of weld 


of crackin 


absorption by 
of cracking, m 
interdendriti and unde 
are cise) inn the light of reee 

ended that, 
reduce and its harmfi 
welding, electrodes should 1} irik 
immediately before , (b) welding 
conditions 
should be 
heated, (d 
ach other t 


HSU ¢ 


types 
tures, 


in humid 
parts 


0 closely, and (e) annealing 
should be carried out PS. 

Vacuum brazing furnace design. II. (:. .J. 
C'rite Ind. Heat 1959, 26, May, 924-926 
Calculations to enable the 


and cool 


prediction of heating 


iy rates and design of insulation of 


described. Norm 


rmation is give! 


acuum brazing furnaces are 
used, but infe 
emissivity and thermal c« 
tivity values D.L.c.P 

Arc alr cutting and grooving k 
(Hutn 1959, 9, (2), 56-60) [In ¢ 


per eo of alloy 


al formulae are 


on relevant miduc 


including some = stainles 

els are not easy to cut with the oxvgen 
burner, A new method developed by the 
author is described. In this e« 
used in ¢ with an are 


ypressed air is 
onypunetion trom a torch 
torches. The tech 
discussed. With 
less tha 


similar to ordinary welding 
Z of the process is 
ordinary steels its 
ordinary oxygen cutting P 

Oxygen cutting and the causes of cracking of 
die-forgings J. Bezdiéek and Zabrodsky 
(Zvaranie, 1959, 8, (4), 97-100) [In Czech] The 
tendency ot che-ftorgings to often 
ascribed to the influence 
_ blank from the 


effectiveness is 


CTack, 
of oxygen cutting of 
billet or shape, is shown to 
due not to the cutting but to the existence 
of eel and segregation in the blank. — P.F. 
Breaking-up of heavy moulds by the use of 
metal powder in the oxy-acetylene flame 
R tohan (Hutnik, 1959, 9, (3), 89-92 In 
Heavy haematite moulds were cut with 
pressure burner with injection of a 
mixture of iron and Al powder. The method is 
efficient and the stments 1s 
low.——-P.F. 


Czech 
a low 


cost of initial inve 


MACHINING AND MACHINABILITY 


The influence of steel structure on the con- 
dition of the machined surface 8. Valente (/ng. 
Vece., 1958, 7, Dee., 19-24) Experiments are 
described with the object of establishing, for 
given machining conditions, the of a 
and 


existence 
relationship between the structure of steel 
its machined surface 

Finishes of machined surfaces and their 
— \. Amoros Massanet (Acero Energ., 
1959, 16, Jan.-Feb., 41-47) [In Spanish] The 
need for dime ccuraey and 
the various grades of surface given. 
The factors determining the 


nsional a is stressed 
finish are 
surface character 
istics are described, the types of finish are com 
pared and the methods of assessment given. 

New considerations relating to tool produc- 
tivity and machinability 1. Bruzzone (/ng 
Vecc., 1958, 7, Sept., 63.64) The advantages 
1 out of classifving metal 
ability on the basis of the ‘most ec 
life’ of a standard tool used 
procedure 

Metallurgy and machinability of steels. 11. 
F. Grandi and A. asi (Ing. Mecc., 1958, T, 
Jan., 7-15) An outline is given of the effect of 
chemical machinabilityv, fol 
lowed by a description of high-S free-machin- 
ing steels, S 


are pointes machin 
ynomical 


in a suitable test 


composition on 


Pb and Pb-bearing free-machin 
with particular reference to the 
properties and performance of Ledloy (11 refs). 


ing steels, 
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The cold yy of forging dies K. 
* [ndustri¢ » 1957, 81, Oct 


1220 ele account ¢ 


advanti 


maicated and 
yst are estima 
= use of ceramic cutters on cast iron 
\. Corm taalinst TNO, (60), 
~ , [YSS, 7; fror Wetaalbewerking, 1958, 24, 
tt) {In Duteh} After discussing the types of 


iterials used in the prom 


lissen (We 


juction of ceran 

suitable methods of 
latter on the lathe, tl ults of 
tests are miyunetior witb 
and 


yunting the cutters 


eutters and = thie most 

punting the 
arious yiven im 
and graphs. Soldering 
methods of 
entirely satisfactory so clamping 
adopted although even with this 
room for improvements. The 
with 
sa speed, set-up, 


numerous tables 
adhe 
dado not seen 
must need be 
there may be 


oncludes 


sion as 


maper ¢ recornmendations on 


cutting and 
il hints F.R.H 

On grinding. | P. Landberg I. M 
Matthijsen (Wetaalinst. Publ., 58, 1958, 
19; from Metaalhewerking, 1958, 24, 

8 9) [In Dutch! Work of the Tech. | 
f Delft is ce ibed Che wear of 
wheels during 
wheel and for the 
sought. \ 
rhness of the 
grinders 


yeneral 


peratior 


mainly dressing and 
best 


ibrations, mose¢ 


criteria 
time for dre 
and the roug 
experience i 


Ssitiy are , 
work are used by 
and an attempt to 
i that 


lops on 


valuate ese is deseribed vas foune 
a wavile tf the circumference deve 
wheels arings and the 
examined, Noise 
most useful criterion. The 
phenomena of grinding 
wear are examined in the second part 

Machining refractory metals: electro-erosion 
or the spark erosion process 8. Leporatti (/ng. 
Vecc., 1958, 7, Sept., 51-61; Oct., 55-64; Nov., 
17-24) Ll. After outlining various methods of 
surface treatment using an electric current, the 
author describes the principles and operation 
of the spark erosion technique. IT. This section 
deseribes, with illustrations, 

erosion equipment. ILL. Eleven examples 

working details of the use of 
erosion in machining (31 refs. 

Investigations on the profile machining of 
tool steels by the —e — 
Kk. Kops (Prace Inst. Mech., 1958, T, , 80 
88) The author carried out several ¢ 
find the accuracy that 
achieved when profile-machining hardened 
tool steels by means of thermoelectrolysis. He 
ated the 


running on plain be 


mechanism of this is being 
appears to be the 


microscope wheel 


several makes of 
Spark 
are given with 


electro 


‘xperiments 


in order to can be 


also investiy materials used for making 
the anode and its gap as well as the conditions 
that ensure the vernent of the — 
possible smoothness of the surface. - 
Working capacity of single-coned and double 
coned WEISKER method ground drills in steel 
machining J. Kaczmarek (Prace Inst. Mech 
1958, 7, (24), 17-25) When drilling carbon 
steels, double drills ground by the 
WEISKER method work more 
their life is longer 
drills, they need however twice 
for grinding anti single-coned 
Properties of automatic A12A oteel “de- 
oxidized with aluminium N. PB. Zhetvin, \ 
Prokopovich, V. P. Tunkov, I. B 
E. KE. Glazunov, amd G. L. Aize 
1959, 643 648) 
chemical composition and physical properties 
are given of the rolled material with 
reference to machinabilits The 
oxidized only with Al is shown to be 
to ordinary Al2 steel. 


achie 


-coned 
accurately and 
than that of single-coned 
as much time 


nberg 


Considerable data 


special 


CLEANING AND PICKLING 


Methods recommended for cleaning metals 
before electroplating ((ialeano, 1959, 28, Feb 
71-75; Mar., 119-120, 123-124 
preliminary cleaning, with or without solvents 
and their underlying principles are 
Factors influencing the use of 
alkaline cleaning agents, and the 
lytic cleaning are discussed. 

Pickling and pickling agents J. Rousset 


Usine Nour., 1959, special No. Spring, 16, 17, 


Pechniques of 


described 
and discussed 
use of electro 
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Corrosion protection of steel by sprayed am 
ane aluminium coatings r. K ) \ ip 
ul . Mansford | s Pig Ceramic coatings as a high- er 
760 hi roperties corrosion protection for metals \. | 
+ Zn o escrit Korr., 1958, 9, D ; 


Selective oxidation of metal surtaces and the 

a ibe —_—— of its use — wear I*. Bart 
ri y survey w., 1959, 23, 8! ») I 
Industrial applications of the electrolytic anne when had ~ be 

polishing of stainless steel I . 2 
f 1959, (31), March, 62-66 ps se re f aah ia desoritbed at 
Hispe Suiza ‘ pong # , oa ee anaes Recent developments in the one of anti- rust 

t H.SO, if PO, a gE EP RE em ape ‘ paints K. Kren , 


ular Turniture, 


Phosphating: a process of chemical deposi- 
rot tion on metals techniques and Cnenaener 
On electrolytic polishing in a mixture of ‘sties \. ©. Folds (/ 1BM, 1959, . 15, 

—e and chromic acids Bb. s ul ' dos ony t nd propert 
Hu fy, Noo, 14 . a 5229 ch That ! ! baLitip rt rhowdis, Unhe 1uthno}#r 1 ' ‘ \ bi 


ia] 


! : Vs ] ‘ The study of protective coating on steel struc- 
iting ore ecise terriin CEE eae UEOEen y HIS prom tures J. fF. B / TNO Publ., 
polishing condition nd ad tae sphate s. \ 57, Sth report, ; t 1, pp.48; I, 
A new “way . pickling. -acid —— 4 
roebl Wit B f Iripts eC! » 
ag 1. 25, 7 he author working of steel is also made (30 ref 


Researches beng non- n-sludging phosphatising 
rerree y. We P , 1958, 7, 


rm “F pH. 
8 ith istrations F.R.H 
The behaviour of paint films on plates zinc 
coated by the Sedzimir process J. Zawaclz! 
1, 1958, , (25), 61-68) Sar ] 
rz 
Baths i 
PROTECTIVE COATINGS for 
nhibit corrosion as satisfactorily ¢ mat ‘ ‘ reparation ¢ e zil late 
Problems and tendencies of modern electro- — hatti< ntis , 
plating er E. Raub (Metall., 1959, 13, Investigations of protective coatings applied “The behaviour of anticorrosion paints in rela- 
ae ae aa Z twar dleveropments ito steel and Zn/Al alloy in respect to their tion to —_ e~ gcnng R. Mar; P 
rbnin aera, Shariah aero eS ‘sed, WIth corrosion resistance in soils 1). Hi ow Pig. Ver., 1959, 35, June, 311 
ad 3. Seema (vats Put, Medh., 1088, 7, pl ankniging ise of pail 
tion oF coatings, corrosion ONAVIOUP, Bit % $4.60) Organic coating ’ lon n and the roper 20 t 
t 


samples 


eference to thickness and thickne distribu 


esting, properties 

plating baths, stresses in coatings, and prob 

able lines of future de velopment (45 refs 
‘Barret equipment for series plating H. vo 
ar (Draht, 1958, Dec . 496-498) Old and 


modern types of bared equigeucnt ar linary oil paints has been proved, the best GLAD SHEET AND HARD-FACING 


ecribed to illustrate th dk pilin ment of fully aA Gakic Cncie WAGES an Effect of surface impregnation of | Ti C-base 
automatic modern equipment ; SORE Sia ier sap hard metals on their scaling resistance \. |’ 
Cold chromium plating in Russia (Gulrino, Spry ssergaestoreety ya ae gee sete aaa Elyutin, E. 1. Mozzhukin, and V. [. Shulepe 
1959, 28, March, 125 126) An outline yiven eh 7 \ p am ri : ve a ‘ "* ! : ms , Ob Stals ley Collection 
Sak emcee ahi Moscow Steel Institute, 
or phosphatize 
lestructive agent Hard 


of the bath compositions and conditi 
termperatur Cr plating ¢ e ‘ 
ussia The operties ¢ depo ¢ . 
satisfactory, a Rockwell C hardness of abou Suitability of cast iron Secaneteecneendiine, 
btained, Low current ce ies are Influence of low nickel contents I’. Ty vaert ar 
ployed R. Piva (Fonderie, 1957, June, 260-264) The 
Utilisation of a pre-coppering fanning treat- ffect of residual Ni contents in ito be about twen 
ment before bright nickel plating H. Reymond = enamelled (0-06-0679 Ni) showed no delet Zr had no eff 
Galvano, 1958, 27, S« pt., 21-22 ‘ method, sus effects on the quality and adhesion « ¢ Clad metals 1 in . Prev., 1959, 
ipplicable to the plating of ferrous and non namel 6, April, 57-60) A gene 1 re ew of the meta 
ferrous articles, is described for cleaning prior Thermal oxidation of cast iron in relation to ind allovs ay , lied, the mechanical properti 
to bright Ni plating by preliminary Cu plating its suitability for powder enameliing R. Piva f the clad sheet and of methods of fabrication 
The — -dip galvanising of grey cast iron Fonderte, 1957, Dee., 533-544) The author The otowe end titanium coating of iron, 
P. Deboute (Fonderie, 1959, (156), Jan., 21-24 amines the influence of the degree of oxida nickel and copper A. Schneider and J.-P 
Small a atieson nthe hot-dip galve tion of cast tron on the adherence of the enamel fr it Vetall, 1959, 13, June, 546 
izing ot grey iron showed that continuo and oat. Points examined are: rate of oxidation or cperiments ¢ ribed on th j 
adherent coatings of 600-900) g/mé* ould heating as a function of surtace preparation Ye samples Sif ly and H Sc] 
normally be obtained with immersion time rate of attack in H,SO,: adhesion of enan as mixtures, and v . carrier 
”»_ 3 min at 450 ¢ a funetion of rate of oxidation after « 
Maintenance of hot-dip tinning baths |: 
Kevsselitz (Metall., 1959, 13, June, 559-564 Factors in the production of iron castings tre discusses 
The metallurgy of hot-dip tinning is discussed, likely to cause enamelling defects A. Borde Sheet clad with ‘special steels: its use in the 
the impurities likely to be found and the Vetalen, 1958, 13, Dee. 31, 432 435) [In chemical and petrochemical industries and in 
methods of removing them from the bath ar Duteh} This concluding part of the articl chemical engineering Hi. Lejay (Génie Chim., 
deseribed, in relation to tinning with pure Sn mphasizes the importance of preventing as 1959, 81, Jan., 1-7) The method of bondu 


and Sn—Pb alloys. Tinning of iron, steel, and far as possible the formation of pinholes and gh-alloy ste« o mild steel shee ollin 


cleaning 


some non-ferrous metals is reviewed, surface defects in the steel due t sulphur 

Remarks on the use of thin steel sheet as) absorption from the moulding sand when cast 
wrapping for meat preserves J. Teind! (Pramysl ing. Also that of stripping the moulds as soon 
Potravin, 1959, 10, (3), 133-138) [In Czech isis practicable to avoid moisture penetratior 


Production, electrolvtie tinning, and other leading to oxidation and gassing at the surface, PROPERTIES AND TESTS 
processes related to the manufacture of tinned — the moisture coming from the volatilization o instruments and machines in the technology 


sheet for use in the meat preserving industry the water in the moulding sand in the imr of measurement and testing in the metal 
are discussed, —P.F. ate vicinity of the casti The metho ) industry A. Schwarz (Metall., 1959, 13, April, 
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313-318) A general outline is given of instru- 
ments for metallographic, physical, chemical, 
and non-destructive testing of metals. 

Comparison of the degree of roughness of 
metal surfaces machined by various procedures 
in relation to the fatigue limit of the material 
G. Perotti (Ing. Mecc., 1958, 7, June, 57-62) A 
report and discussion of roughness measure- 
ments and rotating flexural fatigue tests on 
five series of VNI 38 NCD 4 steel specimens, 
and @ comparison between the roughness 
values and fatigue limits obtained. 

New electric high-temperature furnaces H. 
Hofmann (Maschinenwelt Elek., 1959, 14, 
March, 140-142) A description is given of the 
heating element Kanthal-Super, and its appli- 
cation to a laboratory furnace for use at 
temperatures up to 1 600°C 

Cast irons with a high Young’s modulus 
(Fonderie, 1957, June, 272-273) Methods of 
measuring Young’s modulus, the effect of cast 
iron structure on the modulus, and an example 
of adjustment of chemical composition to pro- 
duce a given minimum modulus are discussed. 

Considerations reiating to the elastic beha- 
viour of grey cast irons as a function of their 
structure Plénard (J. d'Inf. Tech. Indus. 
Fonderie, 1959, (102), Jan., 13-16) An abstract 
of a thesis on the elastic properties of grey iron, 
the measurement of its Young’s modulus, and 
the influence of structure and method of 
manufacture in its elastic properties. 

Testing spring steel strip for relaxation 
V. Ya. Zubov (Zavods. Lab., 1956, 22, (3), 329- 
331) Strip is bent into rings and heated at 
various temps. for various times. The perman- 
ent curvature produced is then related to 
relaxation. 

Comparisons of damping in electrolytic iron 
and zone-refined iron F. Dabosi, B. Migaud, 
and J. Talbot (Compt. Rend., 1959, 248, Jan. 
26, 553-555) Internal friction studies are re- 
ported, using a torsion pendulum and a wire 
specimen 25 cm x 0-32 mm diameter. The 
specimens were annealed at 850°C in H, and 
cooled slowly in the furnace. The zone-refined 
iron had much less internal friction than had 
the electrolytic but there may be factors other 
than the high degree of purity concerned. 

The determination of residual stresses in 
surface hardened steels f°. P. P. do Canto (Bol. 

1BM, 1959, 15, Jan., 215-232) [In Portuguese] 
The development of residual stresses by con- 
ventional and induction hardening methods 
and techniques for their measurement are 
described. Bars of various diameters were 
treated by (a) conventional heating and water/ 
oil cooling to give 2-5-3-5 mm hard zones, and 
(b) induction hardening to give similar hard 
zones: similar specimens were subsequently 
tempered for 1 h at 180°C. The results of the 
mechanical stress analysis are presented in 
graphical form. Both methods of hardening 
produce residual compressive stresses in shal- 
low hardening steels. Induction hardening may 
sub-surface 
compression. 


produce tensile stresses in the 
layers, putting the into 
Identically treated specimens do not 
identical stress distributions and parts of the 
same specimen, which, theoretically, should 
have identical stresses do not. Low tempera- 
ture tempering of induction hardened speci- 
mens partly removes the surface compressive 
stresses which improve the fatigue resistance. 

The thermodynamics of iron carbon alloys 
E. Scheil (Arch. Eisenh., 1959, 30, May, 315 
319) Previous calculations by the author on the 
activity of C in y-solid solution and in the melt 
are compared with results published by Smith 
on the gas equilibria CO/CO, and CH,/H,. 
Equations for the saturation curves of the 
y-solid solution for graphite and cementite are 
derived, and further expressions for the forma- 
tion potential of cementite obtained (21 refs.). 

The thermodynamics of iron-carbon alloys 
F. Neumann, H. Schenek, and W. Patterson 
(Giesserei, Tech.-wiss. Bieh., 1959, Jan., 1217 
1245) The foundations of the thermodynamics 
of alloys and metallurgical processes are 
formulated and the iron-carbon system, its 
activities and thermodynamics are discussed. 
The effect of alloying elements on the physico- 
chemical behaviour of Fe—X-C solid solutions 
is reviewed, with particular emphasis on the 
Fe—Mn-S-C system (72 refs). 


core 


show 


Dilute solutions in liquid metals and alloys 
U. Feldmann (Stahl Eisen, 1959, 79, April 30, 
638) A short review of recently published work 
on the thermodynamics of alloy formation. 
The author stresses the need for further 
research in this field in order to assist the steel- 
worker.—T.G. 

The activity of oxygen in liquid iron alloys. 
The system iron oxygen M. G. Frohberg (Stahl 
Eisen, 1959, 79, May 28, 821-822) A summary 
based on recent publications of the activity of 
oxygen in liquid tron. Activation coefficients of 
oxygen in the presence of a number of other 
metals are listed.—t.«. 

Tensile properties of aircraft-structural 
metals at various rates of loading after rapid 
heating H. E. Dedman, E. J. Wheelahan, and 
J. R. Kattus (WADC Tech. Rep., 58-440, 
Part 1; ASTIA Document 206074; PB 151566, 
1958, Nov., pp.197) Chro-Mow, Thermold-J, 
and Peerless-56 tool steels, AM-350 precipita- 
tion-hardening stainless and a Ti alloy were 
tested up to 1200°F, heating being completed 
in 10 see and holding for 10—1 800 sec with load- 
ing at from 0-00005 to 1-0 in/in/sec strain rates. 

Calibration of materials testing machines J. 
Bossi (Ing. Mecc., 1959, 8, Jan., 69-72) 
Methods in general use for calibrating testing 
machines are reviewed, and a device developed 
by the Materials Testing Laboratory of the 
Institute di Scienz a delle Construzioni of 
Milan, particularly suited to the calibration of 
chain-testing equipment is described. 

Tension-compression fatigue tests on an un- 
alloyed steel in various gases M. Hempel, 
A. Kochendérfer, and A. Tietze (Arch. Eisenh., 
1959, 30, April, 211-218) The influence of air, 
Og, Ny, Hg, and A on the fatigue properties of a 
0-1%C unalloyed steel was investigated by 
subjecting mecahnically and then electro- 
lytically polished specimens to tension-com- 
pression alternating stresses. No effect of these 
gases on fatigue could be detected from the 
Wohler curves. 

The standards of steel quality in the light of 
production figures Z. Jasiewicz (Hutnik, 1959, 
26, (2), 76-78) A statistical method of deter- 
mination of tensile strength and elongation 
from actual production data is devized with a 
view to revision of existing Polish standards of 
the quality of steels. The objects of the investi- 
gations were carbon and alloy steels (Cr-Ni 
Mo). 

Correlation between the direction of prelimin- 
ary deformation and the reappearance of 
irregularities in the tensile curves of iron aged 
after deformation RK. Pankowski-Fern and 
5S. A. Homés (Compt. Rend., 1959, 248, June 8, 
3304-3306) An explanation on crystallo- 
graphic grounds taking into account the glide 
planes of the cubic crystal is advanced. 

Fracture work as a characteristic property of 
materials L. Gillemot and G. Sinay (Acta 
Techn., 1958, 22, (1-2), 149-173) ‘Fracture 
work’ is the work applied up to the fracture of 
the specimen related to the unit volume at the 
location of fracture. Rules for determining this 
work are discussed. 

The fractured appearance of tubular speci- 
mens after internal stressing at temperatures 
down to 70°C A. Krisch (*Arch. Eisenh., 
1959, 30, June, 337-344) Experiments are 
described on a number of mild rimming and 
killed converter and OH steels in the form of 
tubular specimens made from round bar. The 
appearance of the fractures after rupturing by 
the application of internal stressing at low 
temperatures was correlated with the micro- 
structures. 

Bend testing of grey cast iron ((juteriet, 1959, 
48, Jan., 195-196) A draft standard is sub- 
mitted by Mekanforbundet and Metallnorm- 
centralen for the bend-testing of grey cast- 
iron. Recommended specimen dimensions and 
method of casting are given. 

investigation of the compressive, bearing and 
shear creep-rupture properties of aircraft 
structural metals and joints at elevated tem- 
peratures L.. A. Yerkovich (WADC Tech. Rep., 
54-270, Part V; ASTIA Document 206661; 
PB 151561, 1958, Dec., pp.84) PH 15-7 Mo 
stainless steel and a Ti alloy were examined in 
tension, compression, bearing, and _ shear. 
Riveted joints were also examined and creep 
rupture properties evaluated. 
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influence of sulphur and oxygen on the red- 
shortness of steel A. Josefsson, J. Koeneman, 
and G. Lagerberg (Jernkont. Ann., 1959, 143, 
(2), 53-75) An examination of the thermal 
history of steels containing 0-02-0-08%S, 
<0-01—0-09%Mn, and C up to 0-8°% by means 
of impact tests showed that S caused red- 
shortness by hardening the austenite and by 
forming intercrystalline sulphide precipitates, 
both of which are counteracted by the presence 
of Mn. O, alone does not induce red-shortness 
23 refs.). 

The testing and examination of electro- 
deposits: Profilometers and surface analysers 
R. Quarendon (Product Fin., 1958, 11, Dec., 
52-63) A general review of roughness indexes 
and methods of measurement with a survey of 
available instruments made in Britain and 
overseas. Simple non-recording indicators are 
also mentioned, and the Zeiss and Comter Co. 
optical surface analysers are briefly described. 

Damping-capacity determinations on high- 
purity alpha-iron and commercial steel H. J. 
Seemann and H. Finkler (Ann. Univ. Sara- 
viensis Naturwiss.-Sci., 1956, 5, (1), 87-105) 
The Snoek damping determination gives a 
quantitative estimation of C and N in high- 
purity iron. The method and the apparatus used 
is described and the results on the correlation 
between damping and ageing of a-iron singly 
and doubly supersaturated with C and N, and 
the effect of P on damping as well as the 
damping behaviour of converter steel are 
reported.—tT.G. 

Effect of a static tensile stress on the damping 
capacity and ageing of alpha-iron H. J. See- 
mann, M. Siol, and E. Detemple (Ann. Univ. 
Saraviensis Naturwiss.-Sci., 1957, 6, (4/1), 300- 
309) In the study of the behaviour of carbon 
and nitrogen in supersaturated a-iron it is 
interesting to know whether a static tensile 
stress has any effect on ageing. In most 
samples a slight inhibition of ageing was 
found, this is attributed to a disturbance in the 
distribution of the dislocation lines by the 
imposed stress. It was also found that ageing 
is the faster the higher the degree of super- 
saturation. —tT.G. 

Elementary theory of plastic deformation 
M. Storoshev (*Vestnik Mashin., 1948, (5), 
43-48). 

On the stiffness of black plate I. Yano and 
E. Shuto (Toyo Kohan, 1954, 2, Dec., 11-15) 
[In Japanese] If o, is the yield stress and H the 
thickness, results with an Olsen tester show 
that the observed stiffness is proportional to 
o..H?? with a bending angle of 60°. The Olsen 
spring-back is proportional to o,..H. Yield 
stress increases with the skin pass degree. 

The effect of some factors on the Erichsen 
value of hot rolled tin plate N. Hagiwara, 
Z. Higo, and 8S. Tanaka (Toyo Kohan, 1952, 
Nov., 1-7) [In Japanese] For any annealing 
temp. between 650° and 850°C, sheets rolled at 
600°C have higher Erichsen values than those 
rolled at 700°C. S and P greatly reduced 
Erichsen value at any annealing temp. The 
core of the ingot has a lower Erichsen value 
than the rim because of segregation.—K.E.J. 

The structure of metals and the strength o 
structures M. Gensamer (Trans. Met. Soc. 
AIME, 1959, 215, Feb., 2-18) The 1958 Howe 
Memorial Lecture, in which mechanical pro 
perties in relation to the incidence of brittle 
fracture, and the use of the Charpy test in 
guarding against brittle fracture are discussed. 
The factors influencing strength and ductility, 
in particular just above the transition tempera- 
ture where ductility is limited, are examined. 
Low temperature tensile tests and their 
evaluation are treated, and amongst other 
subjects, the influence of nickel in iron is 
examined (34 refs). 

Dislocation interactions in face-centred cubic 
metals, with particular reference to stainless 
steel M. J. Whelan (Proc. Roy. Soc., 1959, 
249, Jan., 114-137) Electron micrographs of 
thin foils show interactions of dislocations of 
different slip systems in detail. They are most 
often observed in piled-up groups as a@ result of 
attraction between the piled-up dislocations 
and isolated dislocations of other systems. 
Combination takes place over short lengths 
leading to short segments of the resultant dis- 
location and of networks. Configurations are 





derived corresponding to combinations of 
Burgers vectors leading to attraction. Inter- 
esting features occur at nodes of the inter 
acting and resultant dislocations; some 
are contracted, others extend into wide 
regions. Some of the structures have 
resolved and agreement with the theory is 
observed. The factors determining the lengths 
over which interactions take place are briefly 
considered. 

The positions of dislocations in arrays A. K. 
Head (Phil. Mag., 1959, 4, Mar., 295-302) 
Four types of arrays are considered. 

Structure and tensile strength of iron 
whiskers H. Weik (Metall, 1959, 13, Feb., 
114-119) Iron whiskers were grown by the 
reduction of iron chloride, and their form and 
strength investigated. It was found that the 
shape and mechanical properties of the 
whiskers were very closely related to the con- 
ditions of production. The results obtained are 
discussed (29 refs). 

X-Ray measurement of the distribution of 
electrons in iron and copper 8. W. Batterman 
(Phys. Rev. Letters, 1959, 2, Jan., 47-48) 
Results differing from those of Weiss and De 
Marco are reported. 

The influence of tungsten on the activity of 
sulphur in molten iron Z. Morita (J'etsu to 
Hagane, 1958, 44, Sept., 965-967).—K.£.J. 

Ductile fracture instability in shear IF. A. 
McClintock (J. Appl. Mech., 1958, 25, Dec., 
582-588) It is postulated that fracture occurs 
in an elastic-plastic, non-work-hardening 
material subject to pure shear when a critical 
shear strain is attained throughout a critical 
volume of material. This postulate is combined 
with the classical equations of plasticity to 
predict when cracking will initiate from a 
notch at nominal shear stresses below the 
vield stress.—T.G. 

The effect of specimen form on the tensile 
strength of cast iron G. N. J. Gilbert (Brit 
Found., 1959, §2, Jan., 28-42) A detailed 
report is presented of a large and careful series 
of tests on the effects of sample form, particu- 
larly notch dimensions, on the tensile strength 
of cast iron. Large radius notched bars give 
higher values than do those with substantial 
parallel gauge length, and this is due to tri- 
axial strength at the notch which increases the 
force needed to produce plastic yielding. With 
about a |-in parallel gauge length the strength 
is constant for a large range of fillet radii and 
this type of bar is most satisfactory for testing 
cast iron. 

Metaliurgical factors affecting tensile pro- 
perties of Fe Ai base alloys W. J. Buehler and 
C. G. Dalrymple (US Dept. Commerce, Office of 
Techn. Services, PB 131633, 1957, Oct. 22, 
pp-29) The alloys with 10-18°,Al, 2-4°%Mo 
are known as Thermenol. Studies were 
of the addition of Mn, Ni, C, Co, Cu, 
Cr, W, Mo, V, Ti, Nb Ta, and B to the 
10° Al alloy. Order — disorder transformations 
are discussed. Proper heat treatment and 
additions of Zr and C gave room temp. tensile 
elongations in warm-rolled sheet, of over 8°,. 
Preparation by non consumable electrode arc 
melting is described. 

On the necking of test specimens I. H. 
Mansfield (Engineer, 1958, 206, Dec. 26, 999 
1000) The effect of necking on the tensile 
curve is considered. A geometrical construc- 
tion is given relating stress to over-all strain at 
the onset of failure. 

The effect of carbide dispersion on the 
strength of tempered martensite A. M. Turkalo 
and J. R. Low jun. (Trans. Met. Soc. AIME, 
1958, 212, Dec., 750-758) Existing quantita- 
tive data on the relationship between carbide 
spacing and tensile properties were ascertained 
and extended to finer structures by the use of 
the electron microscope. The method of caleu- 
lating ferrite grain size was modified.—T.«G. 

Study on austenitic heat-resisting steels 
R. Nakagawa (Tetsu to Hagane, 1958, 
Sept., 1143 1145 Rupture and elongation 
data for various heat-treatments are given for 
eight samples (analyses given).—K.E.J. 

Soviet work in the field of metal fracture 
J.-B. Friedmann (Rev. Soudure, 1958, 14, (4), 
188-199) This paper is based on work pub- 
lished in the Soviet Union, referring to various 


nodes 
fault 
been 


made 
Ag, Si, 


aspects of the mechanism of metal fracture 
(17 refs.). 

Shrink fits and their stresses A. 
Eisen, 1959, 79, Feb. 19, 230 


a thesis. 


Peiter (Stahl 
231) Summary of 
The author develops a method for 
calculating the radial and tangential stresses 
for steels of various yield points.—T.« 

On the plastic bending test. 11. Influence of 
geometric factors on bend fracture K. Sato 
(Tetsu to Hagane, 1958, 44, Sept., 1077-1079). 

Studies on the bending strength of ball bear- 
ing steel IV. Study on the influence of quench- 
ing and tempering temperature on the bending 
Strength of bearing steel IT. Tasaka (7'etsu to 
Hagane, 1958, 44, Sept., 1106-1107) As 
quenching temp. rises between 810° and 870°C, 
the bending load falls and hardness rises. An 
approximately linear correlation is shown 
between bending load and the reciprocal of the 
hardness.— K.E.J. 

Notch-toughness properties of a sample of 
fractured 7 oe removed from USCGC 
‘Eastwind.’ J. J. Gabriel and E. A. 1. Imbembo 
(NS O11 O84; > B 134919, 1956, May, pp.15) 
The hull was punctured by ice. The plate 
fractured in a brittle mode and the material 
was highly notch-sensitive. 

Investigating the strength of thin-walled 
tubes V. A. Gladkovskii, L. F. Vereshchagin, 
and V. E. Ivanov (Fiz. Met., 1958, 6, (6), 
1100-1104) Four types of steel were investi 
gated in a specially constructed apparatus 
allowing between 3-4000 atm. hydrostatic 
pressure. The experimental data found do not 
fit in with the various semi-empirical formulae 
proposed for caleulating the maximum 
pressure for thin-walled tubes (B. Crossland 
and J. Bones, Engineering, 1955, 169, 80). It 
was also recently suggested that maximum 
pressures should be calculated from considera- 
tions of elastic-plastic deformations. A 
detailed study of all these suggestions and the 
results obtained by applying these 
theories will appear later 

impact strength of metals (Vat. Design Eng., 

1959, 49, Mar., 131) A table of average values 
ae notched Izod tests for various alloy steels 
and a few non-ferrous metals is given. 

Response of a slab to impact: transition from 
surface wave to flexural ye a: i 
preg rand E. A. Ripperger (J. Appl. Mech., 

1959, 26E, Mar., 146-147) The problem of the 
imp act of a steel ball on a steel slab is formu 
lated to determine the minimum size of block 
that would behave as a semi-infinite solid and, 
at the other extreme, how thin a slab must be 
to respond in a simple flexural manner. 

Yield strength of steel at an extremely high 
rate of strain K. de L. Costello (Properties « 
Vaterials at High Rates of Strain, Inat. Mech. 
Eng. Conf., 1957, London, 13-21) The ampli 
tude of the elastic wave in a steel block when a 
high explosive detonated 
surface was measured. The dynamic to static 
vield strengths were in the ratio 2:9: 1. The 
results are compared with the Cottrell-Bilby 
theory of vielding, and at these rates it appears 
not to apply. Experimental techniques de- 
veloped in investigations into high-speed yield 
in brittle fracture I. 5. (22-30) 
High-speed photography of large plates during 
failure, strain-gauge measurements and exami 
nation of fracture 
up a picture of the mechanism of fracture. 
Evidence that the fracture runs ahead at the 
plate surface is produced and the surface rate 
is not related to that below the surface. A 
dynamic tensile testing machine A. M. P. 
Brookes and J. Reddaway (31-36) A 
machine measuring the energy absorbed in 
tracturing tensile specimens at rates up to 
2400 in/sec is described. A piston working in a 
cylinder is used and the velocity is measured 
optically. Some strain gauge measurements 
were also made. A photoelectric method of 
determining stress and strain in rapidly strained 
metals P. W. Wright and R. J. Lyon (37-50) 
A cylindrical specunen between two pressure 
rods is examined during passage of a stress 
pulse of ~30 yw sec duration by means of 
shutters attached to the rods. The theory is 
given and the constructional details and cir- 
cuits. A study of rapid micro-yielding in mild 
steel by scleroscopic methods B. J. Vincent, R. 
Gee, and 8. C, Hunter (51-65) Experiments on 


various 
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mild steel show the existence of a critical 
velocity defining the elastic limit for dynamic 
loading conditions. Yielding at impact veloci 
ties slightly above the critical value, a disloca 
tion mechanism with an activation energy 
similar to that obtained by Baron was ob- 
served. The slope of the activation curve 
rather than its absolute value is, however, ob- 
tained. True stress-strain curves for steel in com- 
pression at high temperatures and strain rates, 
for application to the calculation of load and 
torque in hot rolling P. M. Cook (86-97) True 
stress-strain curves for 12 types of steel at 900, 
1000, 1100 and 1 200°C were obtained at strain 
rates of 1-5, 8, 40 and 100 sec! by the use of a 
cam plastometer of Orowan and Los. The 
calculation of hot rolling parameters from 
these values is explained, using Sims’ formulae. 
Speed effects in deep drawing H. 1. Coupland 
and D. V. Wilson (98-114) A press giving 
speeds up to 80 ft/min was used in tests on mild 
steel and brass to examine the effects of draw 
ing speed and lubrication. The 
shown to depend on the 
Flat-nosed punches gave improved drawing 
capacity and hemispherical punches showed 
reduction in properties. The effect of rat« 
greater with liquid lubricants 
graphite. Increased lubricant 
effects similar to increased Various 
explanations of the effects are given. The effect 
of high strain-rate in strip-rolling 1). G. 
( hristophe rson and B. Parsons (115 121) An 
experimental mill with rolls 2-5 in. dia. was 
used and mild steel and non-ferrous metals 
were examined. Although friction was neg 
lected in this study, rates similar to those 
found by other methods were calculated. 
Frictional effects are considered in an appendix. 


Effect of loading history upon the yield strength 
of a plain carbon steel |. Vigness, J. M. Kraft, 
and R. C. Smith (138-146) Constant load with 
superimposed oscillatory loading, load in 
creasing linearly with time and load suddenly 
applied and then held constant were used. 

characteristic delay occurs after each type of 
loading between attainment of upper yield 
stress and dynamic yielding. The time is 
shown to be predictable assuming damage t« 
accrue at a rate inversely proportional to the 
constant-stress delay time 
in direct proportion to time of loading is 
shown to be a valid approximation by 
urement of effects of 
loading on the 


effects are 
form of the punch, 
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short-time pre 
constant-stress delay time. 


Delayed yield and other dynamic loading 
phenomena in a medium-carbon steel J. L. 
Campbell and J. Duby (214-220 
impact tests in which applied stress is meas 
ured as a function of time to yield 
varies from described, and 
interpreted in terms of a criterion of yielding 
based on dislocation theory and also correlated 
with constant strain-rate tensile tests. Curves 
for repeated impacts are also obtained, lying 
about 50°, above the static stress-strain curve. 
they 
coarser with repeated impact. Non- 
uniform yield in a mild steel under dynamic 
Straining D. B. C. Taylor (229-238) After the 
initiation of yield there is a region of non- 
uniform extension, the resistance to deforma- 
tion at this stage is found to be increased with 
rate of straining. Over the range here used, 
1-7 in/sec, the rate of increase appeared con 
stant at 1-75 t/in? per increment of strain rate 
per sec. For a given rate of straining resistance 
varies with mode of deformation, that is, with 
the number of yield fronts in operation, but 
the difference in stress between one-front and 
two-front modes is only ~3-5%. An initiation 
criterion is given which accounts for the small 
change in resisting stress between these modes 
and the small increases in rate of plastic 
straining throughout the non-uniform a at 
constant stress. On the elastic om: strain of 
steels under longitudinal impact G. Uzhik 
and J. J. Voloshenko-Klimovitsky (230 243) 
Apparatus for the measurement of small 
elastic-plastic deformations is described, using 
strain-gauges and a drop-hammer. Shock 
tensions in steel wires with and without 
definite yield-points were determined and con- 
firmed that yield-strength under impact load 
ing progressively increases the lower the 
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resistance of the statu 
Armco r 10OW imcreases of 160 at 3-6 
m/s ar 07 au 2 a while high 
strength 40.4 teel ower oO ease what 
er WALLS steel 
rrespond to eyeing 
The stored energy of cold work \ Vitel 
ner and M. BK. Be r Progress Vet 
Physics, (958, 7, 247-33 rermod ynamic 
aspects, methods of t mie variables 
affecting the ame f energy stored, the 


hoamaing. 


which 


release echanismns are 
discussed Tome | ianIsIMn al astic strain 
energy, 


distril 


eneration and re 
sution low ions and en due to 
the reation of LCancl S80) rets.). 
Multistage fatigue tests H. Guyot and G 
Schinkat * Recherche mautique, 50, a 
Is), 3-9 les n 1 simulating service 
onditions are des Y) are s ed and 
sible extensi ire considered 
On the detormation of spheroidal cast iron 
and mild steel A. Vetiska (//utn. Listy, 1959, 
14, (1), 30-38) [In Czech} Impact and tensile 
t well as 
ade t 
rdialar ym with a ferritic matrix. 
t ‘ pre tresses the tron 
good lu at high degrees of 
‘ induced at the graphite 
mdules, The nature of the fracture differs 
nificantly that found in mild steel 
Experimental study of the deformation of 
steels and alloys at elevated temperatures 
A. Gueussier and R. Castro (* Rev. Met., 1958, 
55, Nov., 1023-1041) Using thods 
of 


letermining ftorgeability, the extent to 


electronmicrographie studies 


ascertain the potential plasticity 


ation fra 


from 


Various me 


vhich the deformation of pecimens of various 
steels and alloy wa 
ture, rate of deformation, the deformation 


proces and previous thermal history VAS 


influenced by tempera 


examined 
Properties of Cr Ni stainless steels deformed 
at low temperatures J. Vorsedalek and M. 
Hutn. Listy, 1959, 14, (1), 38 42) [In 
Czech \ detailed study was made of Ti 
stabilized 18/8 steel, in the range 20 to 
195°C. Stress-strain curves, 
m, stability of metallog: 
d during detormation, ma 


Sicho 


thermal expan 
aphic structure as 
pnetic 
pitting 
stalline cc 


proper 


fatigue, resistance to stress 


orrosion, and interers rrosion wert 
studied i 

Soviet work in the field of metal fracture 
J.-B. Friedmann (Rev. Soud., 1959, 15, (1), 
$4.51) Examples are studied of fracture under 
short and long-time statie loads, and fatizu 
fracture, in the light of Soviet and other 
published work 

An electro-magnetic vibration testing mach- 
ine for fatigue tests on welded joints \. | 
lrufvakov, M. 1. Sidorenko, V. A. Sakharnov, 
and V.S. Koval’echuk (Avtom. Svarka, 1958, 
11, (12), 84 90) The size factor falsifies tests, 
ield too high results. Henee 

eribed in the 
surfaces of large 
ability 


asvinmetrical 


small specimens 
the machine which is fully des 
article is designed to test flat 
on, The second requirement is the 
both symmetrical and 

The: es out bend tests 

antiles OCHMCTIS p to 100) em? 


inertia of 


chine carr 


with a fre 
ultrasor 
‘ ect the initial stage 
of fatigue (cracking i the specimen M.1 
Fatigue fracture | /': Soud., 1959, 15, (1), 
2-54) A re n bv the l3th 
ommittee of the Institut International de la 
Soudure into the causes of the fracture of a 


etoscope is user 
port of an investigati 


lesel engine crank shaft 

Note on modern equipment for fatigue testing 
P. Ricolfi (dng. Mece 1958, 7, June, 83-88) The 
main features of several modern types of 
fatigue testing achine are described with 
illustrations 

The fatigue properties at low temperatures of 
a low-carbon and an alloy steel A. 8. Kenneford 
and R. W. Nichols (./7S/, 1960, 194, Jan., 13 
1S) | This issue 

Determination of fatigue limit by the method 
according to L. Locati, using a single compon- 
ent (. Daubertes, M. Renout, and R. Cazaud 
Re Wét., 1958, 55, Nov L048) 1056 
thod ¢ f 


Locati’s me onsists of applying a series of 


increasing loads to a 
iumb ol rY 
showed good resulta o eutounntitin 


and is quicker and | 


having the sear ! 


than the cor 
ventional methods 

Fatigue tests on steel with progressively 
increased loading, and with various types of 
surface finish U. Rossetti (Jny. Meec., 1958, 7, 


June, 47-56) Rotating flexural fatigue tests 
vith increasing load on five series of speei 
mens of UNL 38 NCD 4 steel are deseribed and 
the results assessed statistically 
different surtace finishe 


ness being 


Specimens ot 


s were examined, rougt 


measured in the longitudinal plane 
It is shown that a direct relationship does not 
always exist between roughness and fatigue 
limit 

Size effect and notch effect in fatigue prob- 
lems \ <n Ing. Mece., 1958, 7, June, 41-46 
The eff of size and metry on the fatigue 
of specimens and the no ch effect are examined 
in relation to experime saan results quoted in 
the literature. The conception of notch 
{ illustrated (12 refs 

Contribution to the study of the effect of a 
notch on the resistance of steel to alternating 
stresses. Influence of temperature \I. Weisz and 
R. Cazaud (er Wét., 1959, 56, March, 299 
310) Chang SENSITIVITY erse 
bending from room temperature to 62 
studied on various steels, with the 
attempting to correlate 
of temperature 


Sensi 


tivity is defined ar 


noteh 


data on the 
on adaptation phe 
up bv a stress gradient. Good correlation was 
obtamed with a type 35 CD 4 Cr-Mo steel 
16 refs 

The fatigue strength of some motor car 
components V. Gregor and ©. lédinsky 
(Zvaranie, 1959, 8, (1), 2-6) [In Czech] Tor 
sional fatigue tests carried out on wheels 
welded, spot-welded, or stud-jointed 
welded butt joint 
others P.I 

The phenomenon of ‘minimum life’ in 
“— under constant or variable stresses 

M. Freudenthal and EF. J. Gumbel (Fer 
i t., 1959, 56, March, 295. 298) It isshown that 


the existence of 


having 
peripheral joints showed the 
to be superior to the 


€a minimum nmumber of stress 
reversals capable of producing fatigue fractur 

isa phenomenon characteristic of fatigue under 
aryving strength being sub 


applic 


stresses, fatigue 
stantially reduced = by ation of such 
stresses 

Investigation of static and fatigue strength of 
metals subjected to triaxial stresses W. Lehrer 
and H. Schwartzbart (WADC Tech. PRep., 58 
$30, ASTIA 206382, OTS 151594, 1957, Dee 
pp.66) Brazed specimens of a dise of soft metal 
between two cylinders of hard metal 
tested, only 4340 with Ag filler gave signi 
results. The prope 
evaluated. 


were 
hieant 
rties of the brazed joints are 
Fatigue life increa 
ing joint thickness over the 
vestigated 

Fatigue problems with axles of railway wheel 
sets V. Schneider (*Hisenbahntechnische Rund 
schau, 1958, 7, (11-12), 514 522) Stresses are 
evaluated and related to fatigue strength and 
reasons for fatigue 


ses with decreas 
whole range in 


failure are set out. The 
materials and forms of fracture are described 
and mechanisms of failure, 
and faults im the 
Extensive 


corrosion effects, 
material are considered 
tabulated and a 
standard of practice is indicated. 

Resistance to fatigue of some machine com- 
ponents, with particular reference to the scatter 
of the results L. Locati (/ng. Mece., 1958, 7, 
June, 73-82) The results of thirty-seven series 
of fatigue tests on machine parts are evaluated 
statistically. 

Action of stress concentration on metal 
— G. V. Oujyik and M. J Galperine (Re 
Wét., 1959, 56, May, 482-486) The effects of 
local stress increases, stress gradient 
state o land a medium C steel were 
studied. Local stress increases were found to 
have a determining 
strength 

Experimental investigation of the dispersion 
of fatigue test results i. 
1959, 56, March, 260-266 
riven of the 


series Of tests are 


,and stress 


influence on fatigue 


Esquerré (Rev. Mét., 
\ statistical study is 
g scatter obtained in rotating bend 
ing fatigue tests on steels and a light allov. The 
family of Henry lines for each Wohler curve is 
shown. 
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The scatter observed in rotary bending 


tatigue tests K Castro and A. Gue 
V/ , 1958 55, No 


» 1042-1047) Ar 


The shenomens of creep and the rege of 
metals Bourrat (Bull. C¢ Btu et., 1953 
7, 383-410) A review faschetion it 
ture dealin with creep in net " 
experimental and theoretical aspect 14 re 

Investigation of Fe Mn Cr N C system for 
heat resistance and oxidation resistance be- 
tween 1200 and 2000 F J. PB. Parwater and 

Duli NN ech tep., 57-242, 
ISTIA cu t, 203523: PB 


2000-2200 F above iat of BLO st 


rolling to sheets could be earried out 
“ive cracking but higher pressures 


juired than for 310 


The causes of the cracking of the bottom 
plates of river craft ©. [2Zdinsky (7 

1959, 8, (1), LOS 129 

tests we maducted not only or 

but alse ) material from the 


\ which had failed in se 


Sbornik, 


essels 
of failure in both instances 
in the tatigu 
d by the noteh ef 
termi 


reduction 


it-away st i 
fillet welds in particular are 
Hardness at high canny “ham J. Pome 
\ pager te P. Georges Weét., 1959, 
56, March, 215 228) The desig 


are deseribed of equipment 


dep recated 


and operation 


for measuring hardness at up to LOOOd ¢ 


liamond pyramid is used, and m 


asurements 


are made in an argon atmosphere kixan ples 
are given of its use in thermal analvsis (inelud 
ing a ferrous « of rsothern 


xample) and al creep 


measurements 

“Effect of shot-peening on tatigue oe 
Trans ISME Preprin pe 
Vo. 58 SA 46, pp Sdlieheaiene specimen 
were studied to isolate the effects of shot 


t. P. Felgar 


peening. Data from manufactured parts were 
then examined to determine which additional 
factors were olved and a design is elabor 
ated for evaluating the effeet of shot-peening 
on fatigue strength. Conclusions as to the 
effectiveness of residual stresses are presented 
A new law of creep rupture |. A. Qding and 
N. Geminov (Doklady AN, 1958, 122, (2), 
222-225) The exponential formula for the 
time of rupture is contirmed by the 
experiments al data from various alloy f steel 
Investigation of the fracture of steel Cumng 
creep | Prunin and I. L. Mirkin (.Wetall 
Obra, Met., 1958, (11), 25-32) Three makes of 
steel were investigated for creep at different 
temperatures and the results compared with 
other experimental and theoretical findings 


teruperatures is 


Long term failure at high 
preceded by the 
integration with 
tion of vacancies at the corners of the lattice 
This results in a weakening of the interaton 

bonds in the stressed volumes of the me 

iditions for the 


formation of a zone of dis 


an increase in the ymneentra 


thus creating favourabl 


appearance of foe: of micro- and macro-cracks 


Creep testing at temperatures above 500 C 
using a multi-specimen creep testing machine 
H. Wiegand and H. Reiner * Metall, 1957, 
May, 357 361 1958, Sept., S03 810 The 
development of the DVM short-time test and 
its limitations are deseribed and 
production of multi-sper 
working over much longer perior vo ty} 
wn working at 500 600 and 600° S00-C, 
taking up to 216 specimens. In Part II, t 
made with the apparatus are reported and 
discussed The elongation with time and 
factors affecting it are noted and relaxation 


quent 


are sho 





phenom 
tion ¢ 
factor 

Grain boundary Structure and neat resistance 
of austenitic steel i. N. hike M. G 
Lozi 1 1 


l to the inhibitior 


I 
| + } 
long the grain boundart 


Variation in rail quality during service in 
rails ee by the different Russian concerns 
N Kondakov and ID). A. Agamalova (Stal 
195%, (2), 148 149) Rails produced in different 
plants unc é annie standar 1 
largest difference was be 
Kuznetsk reduc lt 
110 Ih 


‘the hardenability of steel IK 


H 6, 1958, 44, Aug., 892 


vi th 43 
A stedy of the influence of different Sastors 
on | Reckwer Cc tests K. F. Lindst: 
195! rnd 1), 20-36 


“On ball indentation 1. Experiments on 


specimens of finite dimensions S. Yazawa, K 
Sato. M. Une | ie § ; 


t t ad is br 
On indentation hardness seated 


Unno, Vatnar oO, al 


ess numbers than 
Thus, a specitication te 
il surface condition of specimens m 

desirable for hardness testing r. ¢ 

Apparatus for automatic hardness control of 
steel ogy meng P. A. Averchenko and F. P 
Borota (Za Lab., 19459, (1), 112-114) An 
apparatus automatically controlling the hard 
ness of fastening pins and similar stee arts 1s 
deseribed. It « an check 7000 short and 3000 
long pins per n 

Isothermal time tempering temperature 
— of pure carbon steels 8. I. Bozic, 

N. Vidojevie, and R. Vukanovie (Glas. Khen 
Drush., 1957, 33, (2), 99-111 In Serbian 
Pheoretical and practical investigations were 
carried out on pure carbon steels containing 
0-1, 0-2, O-3, O-4 and 0-5°,C for various 
temperatures and period of tempering. On the 
basis of the differential hardness curves by 
Vickers at 250°, quantitative proof of the 
transformation of the residual austenite could 
e obtained. The increase in hardness at 350 
corresponds to the €-transformation of carbide 
into cementite and the hardness increase at 
550° to the segregation of the nitrides and 
carbides. The relation between the duration of 
tempering and the microstructure has been 
tabulated on graphs so that these can serve to 
determine beforehand the structure required. 

Investigations of the hard alloy Sormite 
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alloyed ae boron (; 
Ob Wet., 1958, 


f 
ree 


Studies on 17¢r 4Ni 4Cu stainless steel: The resistance of ¢ 
effect of Cu, C and N, on properties of as-cast Dynamic strength of steel wire. Fatigue 
material M. Okamoto and 8. Okada Strength under pulsating plane bending 8. Aoki 
Ki 4, 1958, a, , 563-367 \r int und K I ma / 
i t t of Cu, n the Nagoya, 1959, 8, Fel 


e He: treatments ar uM 
“Notch ductility and brittle failure K nter ‘Six precautions in using high strength steels 


. 1958, 21, Jul $ 30, 46 Loria (Mat. D n Ena., 1959, 


Electromagnetic vibration generators 
resonant fatigue testing |. M. Dowell 


, 1959, 207, F 


‘Stress- strain cycles of large cnatiinte D.S 
/ 1959, 7, Mar., 
for tl tior oo distribution in the anes = creep 


N.J. Hoff Pil i/ j OSB 


t 


eaeel tatigue strength with abrasive 
tumbling (/ » 1959, 183, |! 10. ) 
31) RK a t th 1 ‘teed ‘ , ' ‘ 
port The principles of dispersion hardening which 
promote high- temperature strength in iron- 
base omeye E. | Wolff, 


|) 


Relations of high-heating-rate tests to be 
short- — creep tests WW. K. 5S OTS 
od GQa5 $ 133420, 1955, Mar., 4 
tantial compres I ! I ‘ 
pel 
Effects of martensite, bainite and residual 
Stresses on fatigue of welds kt. I). Keit i 
959, 38, Mar., 142 | 
irtensite . itt ‘ 
ibstructure boundari 
Evaluated-temperature testing procedures. 
Part |. Continuous recording of time deforma- 
3 effect o iggsue is ¢ is e tion readings during creep-rupture testing at 
i oncluded tha esses will ofter temperatures up to 1200 F W. H. Rector and 
lax before di a ] \ ] sley 1D 6327 1/ WA 10 
How design can “affect the fatigue of welded . 2 PB 133372, 1955, Feb., 
structures I. R. Gurney (Engineering Materials yp.12) The 1 od is photographie and fully 
md Design, 1958, 1, Nov., 72-75) Welding automat makes ¢ iInuo record uy 
design to minimize stress concentration and © tailur 
fatigue is discussed On the fracture of a 5-gallon can during 
Steels’ fatigue strength loss linked to retained transportation I. Kuno and M. Hanada (Toy 
austenite P. M. Unterweiser (Jron Age, 1959, Kohan, 1953, no.2, Dec., 28-36) Results from 
183, Mar. 19, 115-118) A detailed study of 4 vibration tests and rail transport teets are 
high strength steels indicates that even small giver The durability increases rapidly with 
amounts of retained austenite can lower the thickness of tinplate. High-temper tin- 
fatigue strength. Up to some limiting value plate is stronger than soft. Cans having larger 
which is related to carbon content fatigue head spaces between the liquid level and the 
strength is a linear function of hardness. top are stronger. Cans transported in wooden 
Theory for combined bending and torsion frames endure longer than those otherwise 
fatigue with data for SAE4340 steel W. N. packed. Embossing should be less deep than at 
Findley, J. J. Coleman, and B. C. Handley present. Thermal deformation at the soldering 
BU EMRL 4; PB 133446, 1956, Apr., pp.31) causes stress concentration K.E.J. 
\ relation expressing stress v cycle for each The deformation e metals by har ag? ~type 
state of combined stress is obtained. pyramidal indenters I. ©. Mulhearn (/ 
The cause of increased resistance of cemented Phys. Solids, 1959, 7, Mar., 85-96) A mechan- 
steel 1). S. Elenevskii (Vestnik Mashin., 1959, ism approximatir g to compression of a set of 
2), 20-24) The chief criterion of fatigue concentric hemispherical shells previously 
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advanced is shown to hold up to a wedge semi- 
angle of ~30°. Above this another mechanism 
sets in and becomes more important as the 
angle continues to increase. This approximates 
to radial compression centred close to the line 
of first contact. Indentation with a semi-angle 
of 68° approximates to radial compression also. 
Blunt indenters show little difference in 
mechanism. 

Adjustable head Brinell hardness tester 
(Engineer, 1959, 207, Feb. 20, 309). 

Penetrascope hardness tester for barrelled 
and grooved mill rolls (\Wachinery, 1959, 94, 
Mar. 18, 621) A portable tester with magnetic 
clamp is described, 

Progress in micro-indentation hardness test- 
ing H. Bickle (Met. Rev., 1959, 4, (13), 49-100) 
A definition is arrived at, apparatus is reviewed 
and the theory is developed with an account of 
experimental studies. 

Testing of materials J. J. 
nandez (Met. Elect., 1957, 21, March, 66-79; 
June, 93-103; July, 90 93) [In Spanish] In the 
first part of this article, the author describes 
various hardness testing machines and their 
methods of use. In the second part, he dis- 
cusses the operation, theory, and advantages 
of the penetration type of machine and in the 
last part he deals similarly with instruments 
determining hardness by means of elasticity 
properties. P.5S. 

Brittle fracture of steel J. B. Lean (Met. 
Corr. Ind., 1959, (401), —. 1-19) Factors 
influencing the temperature of transition are 
discussed, below which stresses causing brittle 
fracture are about a quarter of the upper 
elastic limit, and theories of the cause of 
brittle fracture are outlined, with reference to 
the literature (143 refs). 

Grain boundaries and brittle fracture in mild 
and medium-carbon steels S. Menghi (/ng. 
Mecc., 1958, 7, Sept., 7-17; Oct., 25-31) The 
relation between the strength of low and 
mediurn carbon steels and the properties of 
the grain boundaries is discussed, and the 

yhenomena of brittle fracture, creep, and 
intercrystalline corrosion in these steels are 
related to the effects of the application or with- 
drawal of thermal energy on the properties of 
the grain boundaries. This final section deals 
with grain size and its measurement, the 
resistance of grain to deformation, and the 
brittle-ductile transition zone (50 refs). 

Mathematical-statistical investigations of the 
relationships of the magnetic induction of un- 
alloyed cast steel to chemical analysis and 
Brinell hardness A. Kolorz and K. Lohberg 
(Giesserei, 1959, 46, April 9, 187-190) The 
relationships are examined of C, Mn, and Si 
content, and the Brinell hardness of unalloyed 
cast steel in magnetic field strengths of 10, 25, 
50, and 100 A/em. A clear relationship with C 
content was found in all cases, induction being 
displaced to lower values with decreasing C. 

felationships were also established with the 
Brinell normalized 
magnetic induction 

Study of an extra-mild non-ageing steel with 
special magnetic properties J. Leclerc (Ker. 
Mét., 1959, 56, May, 425-434) The properties of 
a low-C (0-03-0-05 ) non-ageing steel intend 
ed for the production of magnets for a proton 
synchro-cyclotron are 
ments included low coercive strength, high 
magnetic permeability » non-ageing character- 
istics from the magnetic point of view, and 
homogeneity. These properties were possessed 
by the steel discussed, 

Properties of electrotechnical steel 
phosphorus additions 8S. 1. Doroshek (Stal’, 
1959, (8), 740-741) Full seale and laboratory 
tests showed additions of P up to 0-36% 
increased the magnetic properties of low-alloy 
Si steel. 

High-alloy, stainless and heat resistant 
Steels, and alloys with high ohmic resistance 
(*USSR Standard GOST 6632-51) Composi- 
tions are given and uses indicated. 

The effect of cold working under light loads 
with suitable heat treatment on power loss in 
the plates of the transformer core (:. Juretzek 
(Hutnik, 1959, 27, (3), 98-105) [In Polish] Four 
samples containing 2-73°,, 3-21°%,, 3-87°%, and 
4-40°.Si were examined. These were hot- 
rolled and then, some with and some without 


Fernandez Fer- 


hardness of material and 


described. Require 


with 


annealing, were cold-rolled down to between 
40 and 50%. The final anneal was carried out 
at temperatures between 800°C and 1160°C. It 
was found that after a 2 h anneal at 1 100°C in 
H, a power loss of <0-9 W/Kg can be obtain- 
ed. Critical rolling pressure and following 
anneal in vacuo improved the magnetic 
properties in all cases. The effect of the amount 
of rolling and annealing was investigated in the 
ease of a few isolated samples. However it can 
be deduced that rolling within the range 
40-60% has little effect on the magnetic 
properties. Losses after annealing in vacuo 
were in most cases less than after annealing in 


2 

Quality tests of metallic materials by acoustic 
methods J. Ors Martinez (Tecn. Met., 1958, 14, 
May-June, 75-89) [In Spanish] The physical 
principles of ultrasonic testing are given and 
the various methods employed are described 
in turn. Industrial applications are illustrated 
and the interpretation of the tests in relation 
to defects in the material is discussed (25 refs.). 

ee of boron on the hardenability of 
steel M. EF. Nicholson (A D 82673; AF WADC 
TR 55 : 3; PB 133192, 1955, June, pp.16) 
The effects on hardenability and the effects on 
interfacial tension of austenite and on aus- 
tenite decomposition in a 0-5°,,B, 0-5°,C iron 
alloy are determined with a review of present 
knowledge on the effects of B. 

The metallography of deformed iron D. G. 
Brandon and J. Nutting (Acta Met., 1959, 7, 
Feb., 101-110) Electron microscopy of carbon 
replicas of slip lines after 20-30%, deformation 
is described. Wavy bands are seen and inter 
preted as due to cross slip of dislocations. A 
modified theory of the deformation of poly- 
ery stalline aggregates is proposed. 

Investigating the ageing of spring alloys 
M. M. Borodkina ( Fiz. Met., 1958, 6, (4), 700— 
705) The approximate zone boundaries of 
dispersion hardening of allovs on the Fe-Ni- 
Ti equilibrium diagram have been outlined. It 
has been shown that a very narrow zone of 
y-solid solution exists. The phase which 
separates out in the ageing of Fe—Ni-Ti alloys 
is the ¢-phase of the intermetallic compound 
(Ni.Fe), Ti. In alloys containing up to 40% Ni, 
the ya transformation can be observed. 
Deformation before tempering greatly speeds 
up the ageing process, decreases phase separa- 
tion, increases the breakdown of the solid solu- 
tion and gives greater hardness. 

Influence of boron on strain ageing of iron 
M. E. Nicholson (AD 80867; AF ADC TR 
55-43; PB 134652, 1955, May, op Al} Boron 
can produce strain-ageing and occ upies inter- 
stitial positions in the 
lattice of a-iron. 

Effect of temper degree - flame-like pattern 
fon steel sheet} E. Shuto, R. Lwamoto, and 8. 
Oki (Toyo Kohan, 1955, 4, Dec., 23-48) The 
strain-ageing behaviour of automobile sheets 
temper degree is studied for a num- 
physical properties. Results are dis- 
cussed in terms of dislocation theory and 
residual stress. A new defect — the — like 
marking — is deseribed (18 refs).—-K.E.4 

Embrittiement of alloy steels (ech. w orld, 
1959, 139, Feb., 61-62) A review of the 
various types of embrittlement and the results 
of investigations on their causes with notes on 
the practical applications of the findings, and 
indications of the features still obscure. 

Pressure equipment for low-temperature 
service ©. R. Soderberg jun. (Weld. J., 1959, 
38, Jan., 3%s-44s) The author reviews the 
present available information in the brittle- 
fracture field and formulates a design basis for 
the use of ferritic materials in atmospheric and 
low-temperature service.—T.G. 

The influence of various factors upon the 
strain ageing embrittlement in mild steels A. 
Josefsson (Jernkont. Ann., 1959, 143, (3), 121 
150) Mild steels, rimming, semi-killed and 
killed with from 0-03-0-19%C and 0-19-1-4%, 
Mn were examined and Charpy impact transi- 
tion temperature was determined after strain 
ageing by tension, compression and drawing. 
Compression generally gave the highest degree 
of embrittlement, and this was greatest for 
steels with smhomogeneous structures. Ex- 
planations of the findings are offered in terms 
of ‘soft zones’ in the structure. 


body-centred cubic 


of varving 
ber of 
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Principles of testing and of evaluating the 
test results in the study of the brittle-fracture 
tendency of steel T. M. Noren (Jernkont. Ann., 
1959, 143, (4), 207-228) A survey of testing 
methods using as criteria the appearance of 
the fracture, the energy absorption, the defor- 
mation and the nominal fracture stress, all 
show a change of behaviour with temperature. 
The Charpy V test is the simplest and there is 
no reason for using any other. The effects of 
welding and other residual stre sses were also 
studied and fracture may occur with low or 
even without external stress and at tempera- 
tures below the one indicated in the Charpy V 
curve lower transition range. Above this 
range the metal behaves generally as ductile. 

Evaluation of current knowledge of the 
mechanics of brittle fracture D. ©. Drucker 
(Conference on Brittle Fracture Mechanica, 
1953, MIT; PB 135537, 1954, May, pp.231) 
Including also Report on brittle fracture studies 
F. J. Feely jun., D. Hrtko, S. R. Kleppe, and 
M. 8. Northup. University of California tube 
and flat plate tests E. R. Parker Mechanics of 
brittle fracture in notched plate specimens 
W. P. Roop David Taylor model basin and 
ALCOA notch-tensile tests and observation on 
engineering applications of fracture mechanics 
k. M. MacCutcheon jun. The relation of 
notched tensile test data to performance in 
service k. M. Lape and J. D. Lubahn Some 
remarks on the relation of the geometry of 
welded details to their susceptibility to brittle 
fracture RK. A. Hechtman Brittle fracture 
mechanics as revealed by tests of large struc- 
tures G. RK. Irwin Review of brittle fracture 
research at the University of Illinois N. M. 
Newmark Energy criteria of fracture k:. Oro- 
wan The condition of high-velocity ductile 
fracture E. Orowan. 

The fracture mechanism in metals with 
special regard to brittle fracture ©. Schaub 
(Jernkont. Ann., 1958, 143, (4), 185-206) 
Brittle fracture may appear in a generally 
ductile material because triaxial stresses in 
front of a propagating crack can reach values 
locally exceeding the cohesive strength. 
According to von Mises’ criterion these reach 
their highest values at the boundary between 
the plastic and elastic volumes near a notch or 
crack and maximum tensile stress can be cal- 
culated at ~2-4 times the yield stress. This 
depends on the strain rate also, the maximum 
rate for a Charpy V test-piece is ~1000 1/sec 
and the same in front of an advancing crack. 

Design properties of high-strength steels in 
the presence of stress concentrations and hydro- 
gen embrittlement. Effects of a number of 
variables on the mechanical properties of air- 
craft high-strength steels 6. 6. Muvdi, E. P. 
Klier, and G. Sachs (PB 133208, 1956, Jan., 
pp-226) Impact and other properties of 4540, 
98B40, V-modified 4330 and three other steels 
are given. 

Avoiding embrittied springs 1). J. Fishlock 
(Mech. World, 1959, 139, Mar., 107-108) The 
author discusses the phenomenon of embrittle- 
ment of steels , referring particularly to spring 
steels and to the embrittlement caused by H, 
absorption during cleaning and finishing opera- 
tions. Precautions which should be taken in 
these outlined, and 
made of a new method of Cd 
vacuum.—G.F. 

Removing strain ageing embrittlement by 
annealing at temperatures below the A,-point 
A. Josefsson (Jernkont. Ann., 1959, 143, (3), 
151-166) The embrittlement produced by 
straining 5-20°, or compressing 10-30°, 18 
partly or completely removed by 
below A,. Although the original 
temp. is seldom restored, the recovery is most 
complete where embrittlement has been 
greatest. The optimum range is 600-650°C for 
~~2h, much the same as is recommended for 
welded structures. Longer times or higher 
temperatures increase the transition tempera 
ture, possibly due to grain growth. 

Adhesion, pure shear and friction measure- 
ments and the welding aspect of friction: 
Welding aspect of sliding friction between 
metallic surfaces F. F. Ling (AV 154183; AF 
OSR TN 58-281; PB 133966, 1958, Jar 
pp.31) of recrystallization r 
covery welding mode of adhesion ir 


processes are mention 18 


plating in 


annealing 
transition 


A mechanism 
for the 





contrast to the surface tension mode is pro- 
posed and a relationship is proposed between 
adhesion, pure shear and friction. 

Friction and surface flow of solids at very 
high speeds E. H. Freitag (Cambridge Abstracts 
of Dissertations, 1956-1957, (1959), 219-220) 
An account of the experiments on stopping 
balls revolving at high speeds by trapping 
them between flat surfaces. Surface flow and 
melting are discussed. At high enough speeds 
diamond is abraded and polished by steel. 

Research and development on determination 
of coefficients of friction between dry metallic 
surfaces E. W. Gaylord and H. Shu (PB 
131943, 1957, Oct. 31, pp.47) Mild steel on mild 
steel and Ti RC 130B on mild steel and various 
non-ferrous combinations were examined. 
Pressures used were 1500-12000 psi (static) 
and 12000-21000 psi (dynamic). Coefficients of 
friction were measured at rates between 30-50 
ft/sec and pressures of 1 600-3000 psi. 

Relation between wear and friction J. J. 
Bikerman (J. Appl. Phys., 1959, 30, Mar., 
448-449) Evidence in favour of the adhesion 
theory of friction is otherwise interpreted. 

Fundamental mechanism of wear and fric- 
tion of unlubricated metallic surfaces at high 
sliding srr F. M. Sauer (NAVORO Rep. 
5452; PB 131963, 1957, Apr. 15, pp.55) Type 
304 saddens sliders (and pure Mo) were used at 
pressures of 160-1600 psi at velocities of 600 
790 ft/sec. The temperature of the 
appeared to increase to the m.p. during the 
transient phase and a molten layer appeared 
to persist in the steady phase. The wear of the 
high-melting Mo was one-tenth that of stain 
less steel. 

An investigation of dry adhesive wear KR. P. 
Steijn (J. Basic Eng. (Trans. ASME), 1959, 
81D, Mar., 56-66) Various unlubricated metal 
metal contacts, including stainless steel, were 
studied and oxide film formation was also 
observed. Simple wear rules are, in general, 
followed. Sliding wear and metal transfer under 
unlubricated conditions (67-78) Radioactive 
brass against hardened steel was used, some in 
an inert atmosphere. Brass on brass was also 
examined and here wear was governed by ring 
geometry rather than apparent contact area 

Surface damage caused by polyvinyl! chloride 
sliding on steel D. I. James (Wear, 1959, 2, 
Feb., 183-194) Above a critical temperature 
rolis of plasticized PVC form on the surface 
and reduce friction. Various forms of debris 
are described and shown. 

Wear of Ni-Cr austenitic steel weld metal 
(1): A study on the structurally changed layers 
of the worn surface S. Ito and K. Honda (J 
Mech. Lab., 1959, 13, Mar., 54-60) Taper- 
sectioning was used and micro-hardness tests 
were made. A heavily deformed layer, a lath 
layer, a structureless layer including debris, a 
flow texture layer, also including debris, and a 
thin surface layer were distinguished and com- 
pared with C-steel weld metal. Mechanisms of 
wear and layer formation were deduced 

Wear of steels at high temperature. 1, II. 
E. Miyoshi (Nippon Kinzoku, 1958, 22, Apr., 
187-192; 192-195) I. Friction was applied to 
the flat faces of cylindrical test pieces, under 
varying conditions of speed and load. Eight 
types of surface appearance are described. In 
carbon and tool steels, the min. wear occurs at 
400—500°C and 0-20-0-34 m/sec, with the max. 
at higher or lower temp. with high-Cr steel, 
galling and seizing occur at high speed and 
temp.; the min. is at 400-500°C. With austen- 
itic steel, galling and seizing occur at low speed 
and high temp.; the min. is at high speed. 
Corresponding oxide layers were studied (13 
refs). II. With carbon steel, the min. wear is 
independent of load. With high-Cr and 18-8 
steels, it is at higher speeds, and the temp 
when it appears decreases with increasing load. 
Seizing and galling are correlated with a low 
degree of oxidation.— K.k&. 3. 

Study on abrasion of tinplate T. Oyama and 
K. Gokan (Toyo Kohan, 1955, 4, Dec., 61-69) 
[In Japanese}. 

Inspection by nates at GEC W..N. Sprigg 
(Metalw. Prodn., 1959, 103, Mar. 27, 531-536) 
Examination of small parts is described by 
optical gauging methods. 

The time decrease of permeability in trans- 
former steel A. K. Smolinski and M. Zbikowski 


surtaces 


(Proc. Inst. Elect. Eng., 1959, 1066, Mar., 23 

26) Three types of samples were used stamped 
out of 4°,Si hot-rolled transformer steel, 
stressed, annealed at 800°C and annealed at 
1250° in Hy. The third type of sample showed 
practically no decrease. 

Recent progress in non-destructive testing 

C. Rankin (Engineering Materials and 
Design, 1959, 2, Jan., 19-23) A discussion of 
magnetic, ultrasonic, X-ray and radio-isotope 
methods. 

Anisotropy of the ordinary Hall effect in 
silicon iron KE. Tatsumoto and T. Okamoto 
(J. Phys. Soc. Jap., 1959, 14, a 226-227 

Cold-rolied dynamo steel N. Lankin and 
N.F. Dubrov (Fiz. Met., 1958, aio. Ie 744 
Low alloy cold-r sled dynamo steel after a low 
temperature anneal in a neutral atmosphere 
(without black or intermediate annealing) has 
a higher magnetic induction than hot-rolled 
dynamo steel with similar specific losses. The 
specific losses of cold-rolled steel are reduced 
by high temperature annealing in vacuo to the 
level of those of medium alloy hot-rolled 
transformer steels. There is appreciable grain 
growth and magnetic induction 
weak and medium fields. A decrease 
ness of sheets from | to 0 
grained cold-rolled dynamo 
specific losses by a factor of two. 

Investigation of the normal magnetic perme- 
ability of AISI type 201 and 202 steels M. Rk. 
Gross (NSM 013-126; PB 133247, 1957, Jan., 
pp.7) Effects of cold deformation were meas- 
ured. Results were similar to those for AISI 
301 and 302 Cr—Ni steels. 

Dependence ot geometric magnetic aniso- 
tropy in thin iron films T. G. Knorr and R. W. 
Hoffman (Phys. Rev., 1959, 113, Feb. 15, 1039- 
1046). 

Domain boundary configurations 
magnetization reversals J. J. Becker (./. 
Phys., 1959, 30, Mar., 387-390). 

nowy anisotropy constant of 
4 1°. 8i-Fe at room temperature and below 

C. D. Graham jun. (J. Appl. Phys., 1959, 30, 
Mar., 391-392) Values for 77°, 195 and 300°K 
in fields up to 20000 oersteds are given. 

Magnetic moments of alloys and compounds 
of iron and cobalt with rare earth metal addi- 
tions E. A. Nesbitt, J. H. Wernick, and E. 
Corenzwit (J. Appl. Phys., 1959, 30, Mar., 
365-367). 

Investigating the fine structure of heat- 
resistant tube steels as a function of plastic 
deformation Ek. Yu. Chemadurova (Fiz. Met., 
1958, 6, (6), 1095-1099) The object of the 
experiments was to determine the distortion of 
the 2nd order and the dimensions of blocks in 
alloy heat-resistant steels of the pearlitic, 
semi-ferritic and ferriti« after cold 
deformation. Strips 300 mm long and 10 mm 
thick were cut along the axis from hot rolled 
tubing. They were then rolled with a 40‘ 
reduction so as to obtain a fine-grained struc- 
ture and tempered for 40 min at 600° or 800 
to relieve stresses. The separation of the inter- 
ference was carried out by Lisak’s 
method. X-ray pictures were taken by back 
scattering two exposures for Cr from the (211) 
one and for Mo for the (651) plane, both 
1aving similar angles of reflexion ~78°. The 
findings are tabulated under three headings 
Dependence of distortion of the second order 
on the size of the blocks, on the hardness of the 
steels and on the degree of deformation. 

X-ray determination of dispersivity of the 
structure components and of microstresses in 
high prow al force alloys Cu-Ni-Fe B. Ya. 
Pines and I. Barutkin (Fiz. Met., 1958, 6, 
(6), 1053 rt] The changes i in the coercive 
force of these alloys during tempering are 
accompanied by changes in the width of the 
lines on the X-radiograph. At the beginning of 
tempering the diffraction lines lose in defini- 
tion because of the formation of fine dispersive 
coherent zones of 100 to 150 ® the micro- 
stresses being negligible. An increase in the 
duration of tempering results in the separation 
of phases y, and } 2 because of redistribution of 
components by + Ie and this shows by the 
splitting of each line on the radiograph. Any 
further increase in the duration of tempering 
results in agglomeration of the particles of the 
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disintegrating phase with a fall in the coercive 
orce, 

Change in phase composition of 1Kh18N9T 
stainless steel under plastic deformation V. A. 
Tolomasoy (Fiz. Met., 1958, 6, (5), 838-842) 
Under plastic deformation, in addition to the 
a-phase (Curie point 600°C) two other ferro- 
magnetic phases are formed with Curie points 
at 160° and 270°C. The quantity of the ferro- 
magnetic phase depends on the degree of 
deformation. The transition of the 
ferromagnetic phases to austenite occurring 
during tempering of the deformed steel, main- 
tains the ratio their volumes. The 
total volume of the phases with Curie points at 
160° and 270°C attain 10° which in 
exceeds the I 
carbide phase 

investigation of the variations in the amount 
of blocks and of the distortions of the 2nd order 
during the heating of cold-deformed heat- 
resistant steels kk. Yu. Chemadurova (Fiz. 
Vet., 1958, 6, (5), 905-911) The investigations 
studied the kinetics of the softening and the 
change in the fine structure on exposing the 
metal to the action of heat. Three types of 
steels were tested and heated from 200" to 
750°. The X-ray photographs were taken by 
back seattering. Distortions of the 2nd order, 
dimensions of blocks were 
plotted against the tempering These 
results cannot, however, completely charac 
terize the process. In heating the 
deformed metal, as may be seen on the radio- 
grams, not only does a narrowing of the inter- 
ference lines occur but also an increase in their 
Curves have been plotted of the 
changes in the background of the X-radio- 
graphs. The relaxation resulting from a reduc- 
tion in the hardness shows in the narrowing of 
the interference lines and appears in the same 
ferritic and pearlitic type of structure above 
600° and in steel of ferritic structure, above 


reverse 


between 


may 


some cases vossible amount of 


and hardness 


neat. 


softening 


sharpness. 


550°. 

The effect of heat-treatment on the magnetic 
properties of carbon-steel castings W. J. Jack- 
son (JJSJ, 1960, 194, Jan., 29-36) [This issue] 

The Hall effect in alloys during ferromagnetic 
agg aw ey K. P. Belov, P. Svirina, and 
Yu. V. Belous ( Fiz. Met., résa @: (4), O81 627 
A aiaaee teristic of ferromagnetic substances is 
spontaneous demagnetization. The object of 
this study was to isolate from experimental 
data the Hall effect corresponding to this and 
to study its variations with temperature. 
Graphs are given for the e.m.f. of the Hall 
effect as depending on the magnetic field at 
various temperatures for different alloys. In 
eliminating from the experimental curves the 
e.m.f. corresponding to the Hall 
effect at spontaneous demagnetization, @ rela- 
tion was established characterizing the true 
demagnetization at the Curie points. The 
relation is analogous to the one established from 
quantum rations by Patra 
khin (Iz, AN SSSR, Ser. Fiz., 1952, 16, 
584 

Change of the magnetic structure of residu- 
ally magnetic crystals of silicon iron during 
demagnetization by an alternating field Ya. 5. 
Shur and I. E,. Startseva (Fiz. Met., 1958, 6, 
(4), 614-620) The magnetic structure of the 
residually magnetized crystal may st of 
the main magnetic zones, the vector of magne- 
tization of which is oriented along the direc- 
tion of easy 
direction of the 
tized crystal, 
orientation opposite 
vector, of 


‘spontaneous’ 


mechanical conside 
estia 


consi 


magnetization nearest to the 
field of the previously magne 
of reverse magnetic zones with 
to the mentioned 
supplementary 
various types and of subregions forming 
the defects. Experiments with powder figures 
have shown that the change in the magnetic 
structure of the crystal under the influence of 
an alternating field, during transition from the 
residually magnetized to the demagnetized 
condition occurs by the surface of the supple- 
mentary zones changing into 

and the reverse zones Sr 
zones lower the resistance 


above 
closed zones of 


near 


reverse zones, 
These revers« 
to demagnetization. 

Magnetostriction and magnetizability of 
ternary iron-nickel-cobait alloys on iron 
nickel and iron-cobalt bases S. I. Voskobo- 
inikov (Fiz. Met., 1958, 6, (6), 1011-1016) A 
special apparatus of high sensitivity with 
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optical-mechanical action was constructed for 
magnetostriction. The magneto 
striction constant has been determined on the 
ternary alloy and the that a 
cubic lattice increases magnetostriction. 

Effect of chemical composition on the 
magnetic properties of magnetically soft steels 
J. Wozniak, L. Kodrle, Foldyna, and J. 
Prnka (Hutn. Listy, 1959, 14, (2), 93-98) [In 
Czech} From the analysis of rimming OH 
steels and from measurements of the effect of 
oxygen content on the internal friction before 
after aygeing it is thought that the com 
affects the force of these 
steels to an extent of about 50 Another 
factor in the magnetic properties is the com 
bined effect of cold-working and final heat 
a ment as they affect the grain-size of the 
ferrite and the distribution of the lattice im 
perfections. Precipitation of oxides from the 
supersaturated solution promotes the 
during 


measuring 


findings show 


and 


position coercive 


solid 
increase of the 
treatment That oxvgen has an 
effect on the magnetic properties 
lished by tnternal-frietion 
refs) r.a 
The production of silicon iron magnetic 
Strip with (110) |001| texture by cold rolling 
from sintered compacts I). V. Walker and 
Miss J. Howard (.//S7, 1960, 194, Jan., 96-100) 
Phis issue 

influence of heat treatment on shear modulus 
and Curie point of Elinvar alloy \. \. Pro 
pastina (f Vet., 1958, 6, (6), L105 L100) A 
rise im tl termperature of hardening cat 
Cor Pos 
depends 


coercive torce ageing 
nrnmediate 
was estab 


measurements (16 


in phas 
of Elinvar 


ion 


carbides 
erminatio nay rie re te used as 

ethod of phase anlysis 

Solubility of boron in cementite and variation 
of Curie temperature and lattice parameter of 
iron boro-cementite with composition MI. |}: 
Nicholson (4D 75189; AF WADC TR 55-42; 
P ~~ 134653, 1955, Apr., pp.22 The solid 
8 bilit o i Fe,( it 1}000°C! was deter 
mined by methods 

easurements Ihe 
greater thar 


and Curie temp 
solubility indicated is 
that previously determined. 
investigation by defectoscopy of raiis in 
moving magnetic fields. 5. Study of eddy 
currents induced in the upper surfaces of rails 
by the electric field V. V. Viasov (Fiz. Met., 
1958, 6, (4), 628-632) It has been shown that 
the longitudinal component of the tension in 
the electric field the rails 
and the co component of the 
density nt in the rails within the 
space f the electromagnet 
are in the same direction, A relation has beer 
obtained between the velocity of motion of the 
magnet and the tension of the electrical field 
for the section of the rail which is at the centre 
between the poles of the magnet. This relation 
is sufticient for revealing defects in the rails. 
6. Study of the magnetic flux in rails (5), 704 
803) The nature of the variation of the magne- 
tic flux in the rails, with time, depends on the 
form of the pole pieces of the 
rhe longitudinal component of 
the magnetic flux in 1-A type rails was investi- 
gated, due to an electromagnet, the pole 
of which have flat surfaces facing the rails. 
Phis component in the section of the rail which 
is in the middle between the pole 
diminishes with increasing 


on the side surfaces of 
rresponding 
of the curre 
between the poles « 


and dimensions 


electromagnet 


pieces, 
speed and at a rate 
greater as the external field is 
stronger. Investigations show that, for practi 
cal purposes of control, it is not necessary to 
use powerful external fields 

Examination of round steel bars in the as- 
rolled condition for cracks by an induction 
eddy-current method H. Kniippel, G. Wiethoff, 
and W. Juchhoff (Stahl Eisen, 1959, 79, May 
14, 711-718) The principle of “&, eddy-current 
epparatus for indicating cracks in round steel 
bars on a cathode-ray tube 
factors affecting the image on the tube are 
discussed. Crack indication is current-de 
pendent. However only 60°), of the bars having 
a crack were identified by the method though 


so much the 


is described, and 


no sound bar was rejected. [f the surface of the 
temperature differences, the 
apparatus reacts as if there were cracks. r.G. 

Symposium on non-destructive tests in the 
field of nuclear energy (4S7)\1 STP No.223, 
1958, Mar., pp.395) Non-destructive testing in 
the nuclear energy field S. McLain (3-9, dis 
cussion 10-12) Aclassification of uses. Uranium 
quality, fuel elements, cladding 
clad elements, defects and corrosion, pressure 
vessels, metal and welds and tubing and 
piping. Introduction of eddy current methods 
and techniques H. L.. Libby (13-26, discussion 
27-28) Survey of ultrasonic methods and 
techniques 8. A. Wenk (29-43) Survey of radia- 
tion techniques G. H. Tenney (44-57, dis 
58-61) X-ravs and radioactive 
methods are surveyed. Production inspection 
of pipe and tubing by the immersed ultrasonic 
method R. B. Oliver, R. W. MeClung, and 
J. K. White (62-78, discussion 79) An eddy 
current test for capillary tubing W. RK. Plant 
and C. Mannal (80-87) Inspection of small 
diameter tubing by eddy current methods J. \\ 
Allen and R. B. Oliver (88-111 A non- 
destructive test for intergranular corrosion in 
stainless steel Ik. ©. Robinson (112-118) Type 
304 steel tubes pickled in HNO,-HF failed in 
service. An eddy current test is described and 
structures are shown. The use of penetrants for 
inspection of small diameter tubing Kk. 1 
Oliver, G. M. Tolson, and A. Taboada (127 

30) An approach to versatility in eddy current 
testing P. 1). Edwards (142-149) A test bench 
with basic electronic circuits is described. With 
suitable probes a wide range of tests can be 
carried out. Radiography of materials used in 
the nuclear energy field J. W. Dutli and D. bh. 
Grimm 150-164) Gamma-ray methods are 
included. Radiography with thulium sources 
S. 8. Sidhu, F. P. Campos, and D. D. Zauberis 
(165-168). Minimizing the effect of probe-to- 
metal spacing in eddy current testing ©. J. 
Renken jun. and D. L. Waidelich (181-188, 
discussion 189-190 Reduction of probe- 
Spacing effect in pulsed eddy current testing 
D. Waidelich (191 200 ~~ current meas- 
one of clad Ciokness . . W. Allen, R. A. 

ance, and R. B. Oliver (201-213) Nickel 
thickness gauge 1. H. Cook jun. (225 230) A 
high precision density times thickness gauge 
G. M. Taylor (231-2: A Co y-ray gauge 
described. An ultrasonic scanner and recording 
system W. N 246-256, discussion 

254) Application of Lamb waves in ultrasonic 
testing 1). ©. Worlton (260-265 
waves by the vibration of plates and their uses 
are discussed. Measurement of cladding thick- 
ness of uranium by autoradiography ‘:. | 
Bradley, W J. MeGonnagle, and P. R 
Gonzales (204-303) Nickel depth meter G. 1. 
Linsey and H. L. Libby (344-351) An eddy 
current device is described A recording X-ray 
photometer W. R. Plant (358-365) A panor- 
amic camera 4 inspecting —-% of deep 
narrow slots G. G. ¢ . Schwartz 
(391-395) 

An introduction to ultrasonic testing \V. bk. 
Schall (Inspection Eng., 1959, 23, Mar.-Apr., 
30-35) Refraction at a Perspex iron boundary 
is treated. 

Ultrasonic testing of pie of the iron and 
steel industry H. J. Kopineck, Krachter, 
and W. Rauterkus (*Stahl Eisen, 1959, 79, 
May 28, 786-797) The difference of the trans 
mission technique to the impulse echo method 
is explained and their useful applications and 
limitions are discussed. The testing 
pretation of defect indications are 
under the headings 
Pubes. 


bars shows 
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ocks and C, 


and inter 
dealt with 
Plate, Forgings, Sheet and 
The difficulties in the interpretation of 
the test results owing to the lack of real scales 
In the discussion, the limits of 
ultrasonic testing are stressed.—T.«G. 

X-ray analysis: the modern analytical tool 
H. J. Lucas-Tooth (Instr. Practice, 1959, 13, 
Mar., 284-288) A account of the 
principles, X-ray fluores- 
cence spectrometers as produced by Solartron 
Industrial Controls. 

X-ray investigation of gp steel by 
microbeams. Hl. M. Ya. Fuks _ L. Ya. 
Gol'dshtein (Fiz. Met., 1958, 6, (4), 673-681) 
By using X-ray beams with little divergence, 
(‘microbeams’) it was found that for 25 steel at 


are discussed. 


general 
design and uses of 
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450°C the elongation is accompanied by a 
refinement of erystals and by 
This depends on the degree and rate 
mation and fluctuates between 5 and 
of arc. In cold deformation the refinement is 
more pronounced, Elongation in 35 KhM steel, 
which is a more complex alloy, 
by a more intensive refinement than in 25 steel, 

Recommended practice for radiographic in- 
spection of fusion welded joints for steel plates 
up to 2 in. International Institute of Welding 
(Brit. Weld. J., 1959, 6, Mar., 126-128 

X-ray stress study of non-homogeneous 
yielding in low carbon steel cylinders M. ©. 
Steele and L. C. Kichberger 72LU TAM 111 
PB 133011, 1956, Dec., pp.21) A mild steel 
thick-walled cylinder was overstrained by 
internal pressure and after removal of the 
pressure the residual stress pattern 
examined on the end face. The results were 
difficult to interpret but in general corrobor 
ated the expected lack of axial symmetry 
region of high 
advance of the tips of the 


disonentation. 


of defor 


40) min, 


is accompamed 


was 


and a 
shear stress was disclosed in 
Lueder’s lines 

Use of radioisotopes in filler metal for non- 
destructive ———~ P. T. Barnes and G. L. 
Locher (Weld 1958, 37, Dec., L 176-1181 
A study of the use of slightly radioactive weld- 
Ing wire as a meal destructive 
for uniformity ¢ ay penetration in a v 
a radi n 
reported. N 
Preparation 


and testing 


of non 


rmactivi 


oft the 
with in detail raf 

Radioactive cobalt 60 
1959, &, Mar., 25, 27, 29, 31 

Isotopes inspect huge castings 

1959, 183, Mar. 19, 125 

init is described whict 

of 1500 curics and ca 

2 in. thick A.¢ 

Cyclotron irradiation of type 347 stainless 
steel welds in NaK at elevated temperatures 
A. A. Epp jun. et al. (NAA-SR-74 (Del), 1953, 
Jan., pp.42; fron US Gort. Re Be , LA5s 
Ly 12, 633. No abstract 

Thermal conductivity of 347 stainless — 
and zirconium L. R. Vianey (DIC 6627 
133385, 1957, Feb., pp.6) The average \ i. 
for the steel was 

Japanese research on physical chemistry of 
steelmaking ‘I. Fuwa (J. Met., 1959, 11, Mar., 
170-172) A brnef sum given of the 
of Japanese investigators on a laborat« 
m and steel in the 


techniques and metallurgical uses 


10-0 


ary Is wort 
ry scale 
liquid state. Pilot 
plant and full-scale research is not dealt with. 

Investigation of mechanical properties and 
physical metallurgy of aircraft alloys at very 
low temperatures. Part 11: Strength properties 
and hardness M. G. Fontana (AF TR 5662; 
PB 130662, 1948, Oct., pp.125) Hardness, 
impact, fativue and dilatometri« properties of 
12 alloys are determined between 25° and 

196 C, SAE 2330 and NE 8630 
steels, normalized and also hardened, 304 | 
S) stainless cold-drawn to 210000 psi tensile, 
322 (W) stainless precipitation 
8-5°,, Ni steel, AISI 
on 18-8 and hardened 


om 


including 


ISS 


hardened and 
Compression te 


SAE 2330 were 


"ROU 


carried out 
High-impact steels for low-temperature 
service. Paper presented at the research confer- 
ence on strength limitations of metals A. 
Hurlich (WAL R 710/930-6; PB 133390, 
1955, Aug., pp.21) Ductility and toughness of 
low-alloy B-treated increased by 
addition of 2 lb/t rare earth metals 
Mechanical properties of the austenitic 
Stainless steels at low temperatures kt. H. 
Kropschot and W. F. Graham (N BS—5009, 
1956, Aug., pp.40; from US Govt. Res. 
1958, 30, Nov. 14, 471; no abstract). 
Mechanical properties of metals at low tem- 
peratures H. M. Rosenberg (AD 136655, A} 
OSR TN 57-666; PB 134541, 1957, Oct., 
pp.33) Properties are measured down to 
liquid He temperatures. Elasticity, creep, 
fatigue and internal friction are included, 
Product design for --300°F P. Fk. Loveday 
(Prod. Eng., 1959, 30, Feb. 2, 60-62) A general 
account of metal and thermal insulator proper- 
ties at low temperatures and of liquified gases, 
with notes on hazards and safety precautions 


steels are 


Rep., 





Ind. Eng 
405) A brief 


Diffusion in metals P. Shewmon 
Chem., 1959, 51, Mar., Part 2, 402 
review of recent work with 106 refs 

Solid state diffusion and the motion of phase 
boundaries D. D. Van Horn (Trans. ASM, 
1959, 51, 185-198) Using the parabolic law for 
diffusion penetration against time equation 
and nomograms are constructed for a simple 
2-phase binary system. Where the 
law does not hold the limitations of methods of 
analysing the data are considered. Criteria for 
the design of experiments to enable deviations 
from ideal behaviour to be recs 


parabolic 


wnized areé 
piven. 

Influence of grain size on carbon diffusion in 
iron I. E. Kontorovich and Yu. M. Mermel’ 
shtein (Fiz. Met., 1958, 6, (5), 812-818) Carbon 
diffusion in iron increases with increasing grain 
and the depth of the diffusion layer 

between 200-250° from this « 
concentration in the surface layer is 
with small grains. It is suggested that 
in the diffusion laver is due to the 
great velocity of diffusion through the volume. 
Plastic deformation 
earbon saturation and in the 


SIZe may 


Vary aust 
Carbon 
yreater 


the increase 


promotes an increase in 
depth of the 
diffusion layer 

Influence of surface-active substances on the 
diffusion rate of electrolytic hydrogen in iron 

Oshe (Zhur. Fiz. Khim., 1958, 32, (7 

1622-1631) An investigation is reported on the 
effect of halide 
ber of hig 


stances, on 


anions combined with a num 


h-molecular-weight sub. 
hydrogen overvoltag on the 
Hy diffusion rate through iron membranes 
during cathodic polarization in IN H,SO,,. It 
has been shown that in the 
phor, Br~ adsorption is observed both 
positive and negative branches of the 
capillary curve. The exp manation of 
creased adsorption by iron of org 
in the of halide 
adsorption of halide 
on the iron surface 
side 


rganic 
wed 


of cam 
on the 
electro 
the in 


presence 


anic cations 
anions is that during 
point of null 
shifts towards the 
with a mor 


presence 
ions the 
charge 
leaving the 
, thus favouring the 


positive surtace 


negative charge adsorption 


eations 

Cobalt in steels. What improvements may be 
expected L. Habraken and D. Coutsouradis 
(Cobalt, 1959, Mar., 11-22) Work on a system 
investigation of the Fe Cr Co -C diag 
out at Liege is described. ( 
in carbon and alloy steels is discussed and data 
are tabulated, and T77 shown 
Cobalt has a y-field widening effect in presence 
of Cr, it forn 
Contrary to some beliefs it 
austenite 


of organic 


atic ram 


so far carried »balt 


eurves are 


decreases some s of brittleness 


current may delay 


decomposition 


METALLOGRAPHY 


The application of the ultrasonic method in 
the investigation of plate laminations M. Kurek, 
K. Kucia, and S. Kwiatkowski (Hutnik, 1959, 
26, (2), 72-76) {In Polish] A scheme is given 
for a detector for laminations using 
pulses. The main advantage 
that it detects only the 
tial lamination F.T.1 

Non-destructive examination by ultrasonic 
—_ L. X. Ne 
Vet., 1958, 27, May, 273-277) {In Portug 
This article is in five parts: the first de 
the general physics and principle 
tion, the second with choice 
of test effect of 
aperture, and the 


ultrasonic 
of this method ts 


actual and not poten 


spormuceno (knq lin. € 
Flies 
als wit! 
‘ss of examina 
shapes 
frequency and 
examination of sheets and 
welds. The third part describes the testing of 
tubes and complex parts such as turbine 
blades and the fourth with equipment for the 
control of continuous rolled sheet and = the 
detection of the and nature of defects 
Special applications, such as the examination 
of wires and the continuous 
railway lines are 
(26 refs.).—P.s. 
The determination of defect size by an ultra- 
sonic pulse echo method J. Krautkramer 
(SS News, 1959, June, 4-15) This is the text of 
a lecture delivered to the Non-Destructive 
Testing Group of the Institute of Physics in 
Dec. 1958. A method for determining the mini 
mum size of small defects is developed in which 
the reference echo is taken as the first 
wall echo from a plate of the same material as 


of pre 


pieces, beam 


DIVA 


examination of 


described in the last part 


back 


the spectmen and of a similar 


ness. The 


surface rough 
underlying theory thod of 
caleulation are given in detail, and the aceur 
acy of the method is illustrated by examples 

Effect of ultrasonic vibrations on diffusion in 
Steels and alloys at elevated temperatures (‘:. | 
Pogodin-Alekseev (Metallov Obra. Met., 1958, 
6), 14-17) One ation was of the effect 
of ultrasonics on the carburization of steel 
with a Na,CO eater 
lepths were obtained 

Study on carbides in commercial special 
steels by electrolytic isolation. Vi. On carbides 
in W-Cr-V_ hot-work die steels JT. Sato, 
I. Nishizawa, and K. Murai (Tetsu to Hagane, 
1958, 44, Dee., 1378-1382) The carbides in the 
annealed steels are M,¢ M gaf al M¢ with 
austenitizing treatment M,C, 
ferentially into the m During 
transitional W,C appears, the carbide 
changes during the fourth stage of tempering 
being 0-—-W,C (+ MC)—+M,C (+ MC)-+Mg¢ 
Mog, (+ MC). VIE. On carbides in tungsten high 
speed steels (1959, 45, April 409 415) 
are given from 18 4-land 11-4-2 steels 
annealed structure the carbides are M,C, 
M,.€,, and a little M¢ sy austenitizing 
M...« « dissolves completely in the 

“es 400°C, cementite 
and M.C,, then 
ntration of tung 
gradually with 


but that of V passes through a 


and me 


investi 
charcoal earburizer. Gr 


CASE 


dissolves pre 


atrix ga 


tempering 
phase 


fesults 


In the 


matrix. On 
appears, 
M,< and 
ten in pptd 
tempering 


tempering above 
then W,C, MC, 
M,,(,. The conce 
carbides inere 


ASes 
temp max 
18 refs K.F.J 

From the Maurer diagram to the Collaud 
graph H. Jungbluth, (Neue Hiitte, 1959, 5, 
May, 267-276) An historical survey is given 
covering the period from the Maurer dia 
to the Collaud graph, iron diagrams de 
veloped in the interve 


yram 
cast 
ning period being d 
cussed and compar ed 8 refs 
An experiment on the reticulate structure of 
a -meited cast iron M. Kikuchi (Jmon 
1959, 31, March, 178-186) [In 
retiet slate structure was obser 
yraphite, 
phorus or 


Vac 


below 


Japanese rhe 
d with euteeti 
ration of phos 


aused by segreg: 
utectic 


and is « x 
around ¢ 


luce the « 


impuri 


ties 
uum melting can re arbon co 
2-14 without forming white 
Eutectic graphite din vac 
ing because of supercooling: the rem« 
mpurities means that 
with no nucle K.F.J 
a cniuttination J 


195%, 24), 


is produce uum 


flake graphit 
Scheil 

April, 1313 

structures are 


Chara 
sidered, 


eteristics of eutectic 
with 
ferrous examples, Crystallization of spher 
studied. It is considered 
» spherules are surrounde 


Nizatior 


reference to non-ferrous 
graphite ts 
graphite 


{ 


dby ay} 


irther ervsta bemg peritectic, ane 


associated with earbon diffusion through the 
y-shell (103 refs 

110) (001) Recrystallisation texture of cold- 

rolled 3°., silicon-iron I. Gokyu, H. Abe, and 

Suzuki (Nippon Kinzoku, 1958, he May, 

277, 277 280) The anomalous owth of 

having the Oo] 

sheets 


277, g 
recrystallized M0 


reduced 60-75 


grains 
ornentation 
by rolling. It is 
ed 60 


reductions 


oceurs mn 

pronounced in sheets 
and annealed abo 800 CC. Wit 

above 80°, it is not observed. It 


most 
reduc 
discussed in terms of = the surgers Cahn 
14 refs I. Gokyu, H. Abe, K 
and A. Kamata (277 280 

cold-rolled to a reduction of 60-3 
dat 804°C, further cold-rolled to re 
tions between 39-3 and 80-9°., and 
at 700°, 800°, O50 ( 
(110) [oo] 


mechanism 
Suzuki, Specimens 
were 
anneale duc 
aled 
ressively The 
orientation developed by inter 
~liate annealing decreased during the 
rolling. Its anomalous growth on 
occurred with the se« rolling in the 
range 40-70°,.. The results are discussed in 
terms of the Burgers-Cahn mechanism 
Influence of annealing on the pearlite struc- 
ture of a eutectoid carbon steel H. Modin 
Jernkont inn., 1959, 143, (4), 76-116 
Experiments are described dealing with the 
structural changes in isothermally formed 
pearlite on further annealing. Two sets of 
samples of a slightly sub-eutectoid C steel 
annealed at 700 560 ¢ 


anne 
and suce 
second 
annealing 
ond-stage 


wert and £ respectively 
and subse 


Micro 


arlite, 
different 


to produces coarse and fine pe 


quently annealed for periods 
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tructures were 


pe and in the le 


optical microsco etron mi 
‘ a plaster-replica tech 
chemically isolated carbide 
examined directly in the 
Microhardness of the different strueture 
ASI and plotted. The observed 
hardness and mu 


ope using que, 


particle 
electron microscoy. 


chang 
rostructure during “al 


aling, and i pearlite microstructure and 


it during tsothermal formation are 
liscussed. The pe 
number of photomicrographs 
Abnormal grain growth in austenitic alloys 
3. Cina (J7ST, 1960, 194, Jan., 18 28) [Thi 
Influences of mottled liquation and flaky 
fracture on the mechanical properties of steel 
N K Ipatov (Stal’, 1955, 6), 549 552 
Aluminium steels, where they de 
liquatior sed stre 


aper illustrated by a larg 


Stee Ow ree thw 
all mechanical ypertit Ir pact breaking 
strength flaky breaks 1 
higher than 
Quantitative study of dendritic segregation in 
iron alloys J. Philibert and C. de Beaulieu 
R Wét., 1959, 56, Feb., 171 78) Dendritic 
gation has been studied on allovse of the 
Ke X autc 


of those parts showing 


in the normal steel 


imced in the 
Contribution to the problem of carbide band- 
ing in ball and rolier bearing steel Hi. J 
kx tein (Neue Hiitte, 1959, 4, May, 304-311 
experin r flout on tel c 

, that 


abs Tt ¢ 


carbide 
gation mm the 
ucture ot the 
formation, 
rate of 

of the ing “as eee , and other 
rations ethods o ducing or pre 
enting | 


freque! 


aie 


Study of the nucleation of graphite and the 
kinetics of the graphitization of white iron with 
. penny hardening |. Laurent and 
1958, June, 249. 262: July, 
ol 337 The effects are examined 

! conditions 

white ’ 


r onderie, 
in this sec 
of pr it ry arce 


miber ¢ 

ul i funcet 

erature The influe 
anneal on graphite nucl 
litization are then 
at a temperature 
ormation point 1 
ve investigation is 


of the 
hardened ¢ 


graphitization of the 


ast iron 
On the mechanism of graphite formation in 
magnesium iron K. I. Vashchenko, R 
Podorov, and G. 1. Koshownik (Lit 
1959, (3), 34-38) The formation of gray 
oceurs both by dire 
and b 
formation 
wide te mperature interval of 
tastable transfi 
eurves for TnAaALgNeSsitim Apne 
theretore show a bend 
ot due to tempe yreater the 
grapt te 
re the nature 
for lamellar graphite 
Electron microscope study of the effect of 
temperature of ageing on carbon precipitation 
in pure iron B. Migaud, (. Messager, and 
J. Talbot (Compt. Rend., 1959, 248, March 16, 
1664 1666) It is confirmed by mechanical tests 
and electron that precipitation 
takes place in two Electrolytic 
with 0-075° ¢ 720°¢ 
Fine 


which coalesce 


eipitatio ou e lquid melt 

fusior ) nen . 2.@. graphite 
rs during the 
stable 


and Thie rmatio 


rature. The 


separation from ie | 


of the 


quid 


n reroscopy 

stages 
quenched from 
proijiuced in the 
in the se« 
The eens of ‘the ~~. in iron 

— ae Czikel hw . 
1959, (25), . AS 1385 
been made by the 
ersity of the 
in iron 
superce 


inclusions are 


first 


Giers 

1393) An atten 
author to int 
structural m 


erpret the 
odifications obser 
V8 taking 


stallization. He 


arbon all into account onl 


oling at ery explains 
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lamellar to 
eutectic 


form of the graphite 
globular, the anomaly of the 
lization and finally the 
carbon crystallization, 
eation in _ 
(26 refs) 
Studies on Papua of white cast-iron. 
ill. The effect of aluminium. IV. The effect of 
—— K. Futakawa (Nippon Kinzoku, 
1958, 22, Aug., 401-404; 404 408) TLL. With 
iron containmg 2-25%,,C and 1°25",,S1, increase 
of Al content shortened the 
comple te the first stage of 
increased the 


crystals from 

f crystal 
suppression of the 
which leads to solidifi 


metastable cementite system 


time re juired to 
graphitization and 
graphite nodules; it 
also reduced the time required to complete the 
stage of graphitization. IV. Trace 
amounts of Mg, in iron containing 2°1°,,C and 
1-65%, Si, cuostens tren toe ali 
complete the first and 
indirect transformation) stages of 
tion, but times were 
Mg.—K.E.J. 


number of 
second 


gave the 
second 
graphitiza 
increased with increase of 


samples to 


CORROSION 


The corrosion behaviour of metals against 
non-aqueous fluids A. Bukowiecki (WVetall., 
1959, 13, June, 536-540) The mechanism of the 
corrosive action of certain liquids from which 
water has been removed 
halogen derivative 
described, and the 
discussed (36 refs.) 

The wetting of material surfaces Piatti, 
A. King, and A. Kaiser (Werkstoffe Korros., 
1959, 10, April, 239-243) Experiments are 
described for the determination of wettability 
of different surfaces; the 
roughness was measured, 


acids, alcohols, and 
3 of hvdrocarbons is 
of resi 


some 


influence lual water 


influence of surface 
and the relationship 
between corrosion and wettability was studied. 
Corrosion and protection of iron and steel 
(Review of published information in 1954 55) 
H. Steinrath and H. Ternes (Stahl Eisen, 
1959, 79, April 2, 437-443) In this instalment 
the authors corrosion by 
eorrosion by crude oil, and special corrosion 
histories (References 392-609). H. Klas 
and G. Heim (April 30, 641-647) Protection is 
reviewed under the headings: cathodic 
tion, inhibitors, and metallic 
ences 610-800) \r.G 
Corrosion in tubular parts of marine equip- 
ment V. Ferdinande (Rev. M. Tijdschrift, 1959, 
5, (2), 67-75) Factors influencing corrosion and 
the anti-corrosion properties of tubes used in 
marine boilers and other 
with mainly non 
Reference 


Summarize 


soils, 
case 


protec - 
coatings (Refer- 


equipment are dis 
ferrous applications 
to the use of nodular cast 


cussed, 
is made 
iron (12 refs.). 

Fracture development in steels under the 
influence of hydrogen sulphide water IF. K. 
Naumann and W. Carius (*Arch. Evsenh., 
1959, 30, April, 233-238) The time to fracture 
of plain carbon and stainless Cr, Cr-Mo, and 
Cr-Ni steels, with various compositions and 
treatments, by corrosion in H,S was 
determined by bend tests. It was found that 
the life was a function of the peripheral tensile 
stress and the hardness of the specimen. 
position and structure, for the same 
had no influence on life 

The significance of the corrosion processes in 
aqueous solutions of hydrogen eo in the 
initiation of fracture in steels F. K. Naumann 
and W. Carius (Arch. Eisenh., 1959, 30, May, 
283-292) Potential measurements in the 
corrosion of iron and steel in aqueous H,S solu 
tions, showed that a cathodic 
in which atomic 
lone 


water 


Com 


hardness, 


action occurred 
H was evolved not only by 
discharge, but apparently by direct 
reduction of dissolved H,S molecules; this 
process could lead to a high corrosion rate, 
causing the fracture of strossed specimens 

Hydrogen pickup by steel from aqueous 
hydrogen sulphide solutions and the formation 
of fractures in ype 9 steels F. K. en 
and W. Carius (* Arch. Eisenh., 1959, 30, June, 
361-370) The amount of H, up in the 
corrosion of steel in greatly 
exceeds the 
Sieverts, 


taken 
HS 


according to 


aqueous 
saturation content 
extrapolated to 
lattice vacanci 
are inadequate to take up the 


room temperature 
s and dislocation 
undissolved H,, 


this must separate at cavities im grain boun 


henee, as the 


daries, etc. The consequences of this process in 


the incidence of cracks are discussed (25 refs. 


The corrosion and passivation of metals in 
the light of paper chromatographic electro- 
phoresis J. Frasch (Werkstoffe Korros., 1959, 
10, April, 218-226) A detailed account of the 
principle and operation of paper chromato 
graphic electrophoresis is given, and a large 
number of examples are described and illus 
trated, showing the application of the tech 
mique to the study of corrosion processes in 
various metals. Some 
included 

Biological interference in the behaviour of 
grey cast iron in contact with a natural water 
Fonderie, 1957, Dee., 574) Local attack on a 
grey casting forming part of a pump, and in 
contact with natural water high in sulphate, 
was attributed to the action of bacteria. The 
supposed mechanism is discussed 

Investigations on the intercrystalline corro- 
sion of austenitic chromium nickel steels after 
prolonged stressing between 450° and 800 C 
H.-J. Wiester and G. Pier (Arch. Eisenh., 1959, 
30, May, 293-297) The resistance to grain 
breakdown was investiga high- 
alloy, austenitic Cr Ni steels containing 
~I8 Cr, 9°,Ni, with or without Ti or Nb; 
~18°.Cr, 10°,Ni, and 2%,Mo, with or without 
ri or Nb; ~16°,Cr, 13°,Ni, some of which 
contained Mo, V, and Nb; and 16° Cr, 16°,,Ni, 

° Mo, and Nb Each of the steels 
quenched from 950-1 300°C, and annealed up 
to 10000 h between 450° and 800 C, The 
results are discussed. 

Precipitation processes in austenitic chro- 
mium_nickel steels and their influence on the 
tendency to intercrystalline corrosion H.-J 
Wiester, J. Sehiller, and P. Schwaab 

irch. Eisenh., 1959, 30, May, 299-309) The 
relationship precipitation processes 
and tendency to grain breakdown was investi 
gated on two austenitic Cr-Ni steels, one of 
which was stabilized with Nb and Ta. It was 
shown that the tr resistant 
grain structure to one with a tendency to 
breakdown was always a with the 
occurrence of Cr carbides of the form M,,C 
the grain boundaries. With higher 
tures and longer annealing times, precipitation 
within the grain also took place (31 refs.) 

Corrosion of high- me steels by nitric acid 

Buinger (Werks. Korr., 1958, 9, Dec., 747 
rrams with 
HNO, concentrations up to 67 
were established for Cr and Cr Ni steels, 
of which contained other alloy additions. The 
effects of individual alloy elements are studied 
graphically, and the results discussed 

Injuries to surface-treated sheet metal parts 
and their prevention J. Elze (\Witt. Forschungs 
qesellschaft Blechverarbeitung, 1959, Jan. 1, 
2-7) Chemica and its mechanism in 
particular, of sheet metal parts are reviewed 
and the effect of surface defects on corrosive 
attack is discussed. Rees 
made _ long-time and 
tion t 

Climatic effects and er gt protection H. 
Burchard (Metall., 1959, 13, June, 526 536) 
rhe influence of climatic conditions on metals, 
or with a protective laver are dis 
ail (24 refs.). 

, The adhesiveness of Lane — on steel 

K. Peters and J. Engell ( Eisenh., 
fe 30, May, 275-282 The — nee of scale 
thickness, steel composition, and temperature 
of oxidation on the adhesiveness of the scale 
were investigated. Increé 
adhesion, due to 


ferrous examples are 


ted on eleven 


was 


bet ween 


ansition from a 


at 
tempera 


6 


5) Corrosion diag 1s0-corrosion 


curves for 


some 


] corrosion, 


ymmendations are 
short-time protec 


either alone 
cussed and assessed in det 


ised thickness reduced 
ac ale increasing stresses 
and metal. The effects of alloy 
ing additions and the temperature of 
formation are discussed (21 refs.). 
Influence of heat treatment on the corrosion 
resistance of thin stainless 20-9 steel sheet with 
titanium. 1. Intercrystalline corrosion LI. 
Cornea and 8S. Zamirca (Studii si Cercetari de 
Vetalurgie, 1958, (3), 287-294) [In Rumanian] 
see ibid., 1958, (1), 19-32) The parameters ot 
the heat treatment acting on the ferrite con- 
tent intererystalline corrosion with 
increased tempering heat and prolongation of 
the time of exposure at temperatures. 
Ferrite in the austenitic steels reduces thei 
tendency to From the practical 
point of steels similar to the type 
investigated, rolled into thin sheets, a 


hetween scale 


scale 


increase 
these 
rrosion. 


view, for 
and 
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heat of 1050°C is recommended 
maximum of 1100°, and a time of 
exposure at this temperature of approximately 
20 min. 

Corrosion-resistant experimental steels for 
marine applications C. P. Larrabee (Corrosion, 
1958, 14, Nov., 501t-504t) Six steels having 
various combinations of Ni, Cu and P, and 
structural carbon steel, were tested for 
corrosion by sea water; the tests are described 
and the results given and discussed. Twenty ft 
strips of each metal were suspended, so as to 
extend from above high water mark into the 
mud. Decreases in thickness were measured 
after 1, 2 and 5 years. Behaviour below low 
tide level was similar, but above this the alloy 
steels were —_ rior and the best had the 
composition 0:5%Ni; 0-5°,Cu; 0-12%P. 

The acceleration of pitting failure by water in 
the lubricant L. Grunberg and D. Scott (7. Inst. 
Petroleum, 1958, 44, Nov., 406-410) Pitting of 
ball bearings is investigated in the 4-ball 
rolling test. Moisture had no effect on stainless 
steel balls but accelerated pitting of EN31 
steel. Precautions for the exclusion of water 
are recommended. 

Relation between the contact corrosion rate 
and polarization characteristics in multiple 
electrodes N. Ohtani (Nippon Kinzoku, 1957, 
21, Nov., 674-677) As a first step in studying 
intergranular corrosion of alloys, the galvanic 
current between zine and iron was analysed as 
a function of anodic and cathodic polarization, 
cathode area, heat of activation of the cathode 
in the hydrogen electrode reaction, and the ion 
concentration of the cathode metal in solution. 

Long-range field burial study probes under- 
ground corrosion (Jron Age, 1958, 182, Oct. 9, 
77-80) A field burial programme begun in 1922 
by the NBS is nearing completion. Some find 
ings on the causes of underground corrosion, 
the effect of soil characteristics and the 
behaviour of different metals are presented. 

Growth and morphology of oxidation films on 
iron at elevated temperatures J. Moreau and 
M. Cagnet (* Rev. Met., 1958, 55, Nov., 1091 
1109) Oxidation tests were carried out at high 
temperatures on monoface’ iron specimens of 
different degrees of purity, and with additions 
of heat-resistant metals. The influence of 
up between the oxide and the iron 
during growth and cooling on fissuring and 
relaxation is examined, 
between true 


tempering 
with a 


atresses set 


and a distinction is 
porosity and mechanical 
cracking of the oxide. 

Investigations on the scaling of pure iron- 
— alloys in oxygen N. G. Schmabhl, 

. Baumann, and H. Schenck (Arch. Eisenh., 
1959, 30, June, 345 349) The kinetics of the 

of iron in Fe Al alloys was studied in 
alloys containing 0-06-4-7°,Al 
alumina crucibles in ©, at 760 mm, for 4 or 
24 h at 950°C. Al content was plotted against 
the scale constants k”. The results are dis 
cussed (17 refs 

Investigations of the scaling of pure iron 
silicon alloys in oxygen N. G. Schmahl, H. 
Baumann, and H. Schenck (Arch. Eisenh., 
1959, 30, May, 267-273) Specimens containing 
0-03-3-63°.Si were melted under A or in vacuo 
SiO, crucibles, and the kineties of the 
scaling of these specimens was investigated at 
950° and 1050°C in O, at a pressure of 760 mm 
Above 1°)Si a sharp fall in the log of the 
scaling constant was obtained. The results are 
discussed. 

Scaling-resistant alloys R. Radtke (Koh 
waco 1959, 10, Mav, 127-131) The 
author reviews the various CrSi, CrNiSi, and 
Al sis resistant to sealing up to 1200°C. 
The chemical composition of one alloy, pre 
luced in the Leipzig Iron and Steelworks, 
given as follows: Co 70-0-90%,, Si 2°5-3°5 
Cr 20-22%, Mn 1-0°, max, P and 8 0-10 
max. This alloy is used at 1000°C or ever 
higher, for example as the material for re 
cuperator tubes; the casting of these is al! 

paper. P. 


made 


at aling 


heated in 


in pure 


described in the 
Accelerated corrosion tests of ony, ee 
coated steel T. Biestek and J. Weber (Pra 
Inst. Mech., 1958, 7, (25), 77-85) Various type 
of coating and their proj erties are first exar 
ined, as well as methods of testing used to dat 
Next a description of research into the proper 
ties of phosphate coatings with particu 
emphasis on corrosion resistance is g 





Accelerated corrosion was obtamed with salt 
sprays, artificial industrial atmospheres and 
various humidity tests resistance 
was greatest with ‘Mazef’ and ‘Parker 2’ coat 
ings and worst with accelerated non-sluming 
phosphating baths. The final result was that 
while thick phosphate coatings have high cor 
rosion resistance, thinner coatings show better 
mechanical properties 

Contribution to the study of corrosion under 
tensile stress in austenitic 18-8 steels J. Hoch- 
mann (Compt. Rend., 1959, 248, May 25, 2999 
3000) Steel with 0-035°,C, 0-34°, Si, 0°36°,Mn, 

2°,Cr, 9-9°,.Ni was heated, as 4 mm sheet, 
at 1150° and cooled in air. It was either 
pickled in HNO,—HF, polished finishing with 
00000 emery paper, polished with alumina to 
spec cular brig ghtne ss, or sand-blasted. rhe 
specimens were put under tension in a device 
shown and corroded in boiling 42‘ Met | 
solution. All etched or polished s 
broke in 2-24 h. Sand-blasted 
showed no failure after 150 h. 

Determination of susceptibility to inter- 
granular corrosion of welds in structures N. 1). 
Tomashoy and O. G. Deryagina (Zavods. Lab., 
1957, 23, (6), 679-682) Ti-stabilized Cr—Ni 
stainless was used with rather high C. Welds 
were made and tempered 2 h at 650°C or 
quenched from 1 100°C, the former being sus 
ceptible to intergranular corrosion. An electro 
lytic non-destructive method for testing the 
susceptibility was worked out using electro 
lytes in capillary tubes. 

Marine corrosion tests on plain and low-alloy 
steels M. Wild (Stahl Eisen, 1959, 79, June 25, 
940-948) A very comprehensive review of 
published information on the natural corrosion 
of plain and low-alloy steels in a marine en 
vironment. The results of the 
are compiled in a table of 
results are 

T.Q. 

The oxidation of iron molybdenum alloys in 
air at higher temperatures A. Rahmel, W. 
Jager, and K. Becker (Arch. Eisenhiit., 
30, June, 351-360) Existing theories in the 
scaling of metals and alloys are discussed in the 
light of experimental results g 
ture, and investigations by the authors on 
Fe Mo alloys containing 0-5-5-6°,Mo are 
described. It is shown that the Mo considerably 
decreases the rate of oxidation of Fe in au 
between 500 and 1000 C, an addition of 2°,,Mo 
being the most effective. The structure of the 
oxide layer produced is discussed in relation t 
its temperature of formation (41 refs.). 

Investigations of pitting on passive elec- 
trodes of unalloyed steel <7 sulphuric acid con- 
taining chlorine ions H.-J. Engell and N. D. 
Stolica (Arch. Eisenh., 1959, 30, April, 239 
248) The effect of Cl ions in causing pitting on 
steel electrodes passivated in H,SO, is investi 
gated quantitatively. 

Electrochemical investigation on the mechan- 
ism of inhibition by organic compounds H. 
Fischer (Werks. Corr., 1958, 9, Dec., 765-768 
The mechanism of inhibitors ts discussed, and 
an account is given of the effects of inhibitors 
of various compositions, 

Theoretical principles and concepts of corro- 
sion protection by impressed currents and 
sacrificial anodes H. Kaesche (( Werks. Korr., 
1959, 10, April, 227-239) The current-poten 
tial curves of homogeneous and heterogeneous 
metals are discussed in relation to current 
superposition; features of the electrode beha 
viour of larger metal structures are pointed 
out, and cathodic and anodic protection are 
discussed theoretical'y (33 refs.). 


Corrosion 


specimens 
specimens 


Various workers 
210 entries. The 
briefly summarized and discussed 


1959, 


iven in the litera 


ANALYSIS 


Photometric method for the determination of 
cobalt in the form of cobaltinitrite F. Modryanu 
and N. lIorga (Zhur. Anal. Khim., 1958, 13, 
(5), 617-618) Co*+ is determined photo 
metrically in the range 0-°35-1-5 mg/ml, using 
a blue filter. Uranyl ion does not interfere 

Comparison of various methods for the 
estimation of manganese in steel, iron and 
ferro-manganese H. Pohl ( Mater: ilpriif., 1959, 
1, Feb. 20, 54-57) The official method in 
Germany for the estimation of Mn is the 
Volhard-Wolff method which gives results that 


ire O-OL 0-03 too high. The auth« 
the acceptance of a potentiometric method in 
which the Mn(II) forms a Mn(Itl)-pyrophos 
phate complex at pH 6-5 with end port 
determination, This method gives results that 
are in excellent agreement with those of 
methods adopted ofticially in other countries 

Determination of tungsten and molybdenum 
in high-speed steels L. | aboulay (Chin 
inal., 1959, 41, April, 135 136) Mo is deter 
mined as Pb MoO, n the presence of ys, 
reduced by the oa fition of citric or tartaric 
acid, and Mo and W are separated in HC] solu 
tion in the presence of cinchonine 

Colorimetric determination of traces of 
selenium in steels. 1. determination of small 
amounts of selenium in the absence of other 
elements N. Leontovitch (Chim. Anal., 1959, 
41, Feb., 56-62) A method using reduction 
with N,H, is described in presence of a pro 
tective colloid 20 py /ml 
and u.v. spectrophotometry of the opacity pro 
duced is applied. 

Analytical reactions of some amidoximes 
Vill. Polarimetric determination of nickel by 
means of oxaldiamide dioxime M. Kuras and 
J Mollin (Coll. Czechoslovak Chem. Comm 
1959, 24, Jan., 200-293) 

Rapid simultaneous determination of Cr, V 
and Fe in carbides by means of potentiometry 
using titanous chloride gee O. Dufek and 
J. Tuma (Hutn,. Listy, 1959, 14, (3), 246-247 
{In Czech 

Complexometric titration (chelatometry) 
XXXIV. Chromazurol 8 as indicator for the 
determination of thorium, nickel, cerium and 
lanthanum M. Malat and M. Tenorova (Coll. 
Czechoslovak, Chem. ¢ , 1959, 24, Feb., 
632-634) [In German] Alkaline earths and Mg 
interfere with Ni. The indicator is not very 
sensitive to Th 

Some problems in the determination of man- 
ganese in steel M. Z. de Lippa (J/S/, 1960, 194, 
Jan., 54-61) [This issus 

Titrations with hydroqui and logous 
reducing agents. X. Titration of cerium, 
chromium and vanadium and the possibility of 
their simultaneous determination L. Mraz, 
V. Simon, and J. Zyka (Coll. Czechosloval 
Chem. Comm., 1959, 24, May, 1487-1491) 

Determination of optimum conditions for the 
quantitative spectrographic determination of 
substances in powder form I. Piz4k and B 
Lizal (Hutn. Listy, 1959, 14, (4), 297-301) [In 
Czech| Analyses carried out using 
nickel electrode, (b) briquet 


r suggests 


lhe range covered is 2 


{In German] 


omm 





(a) a Moving 
tes, or (c) solutions, 
as sample carriers showed the time required to 
increase in the 
increasing in the 
10 to 3% P.F. 

Spectrophotometric determination of wen 
with chromotropic acid L. Sommer oll, 
Czechoslovak. Chem. » 1959, 24, eg 
1649-1666) [In German] 

Direct simultaneous determination of stron- 
tium, calcium, sodium, potassium, and lithium 
in the presence of aluminium, iron, titanium, 
and magnesium by flame spectrophotometry 
J. Debras-Guédon and I. Voinovitch (Compt. 
Rend., 1959, 248, June 15, 3421-3423) 

Spectrographic analysis as a complement to 
the method of steel analysis without the use of 
shavings V. Janosikova, J. Jano&sgik, and M. 
Kovarik (Shornik vedeckych Ostrave, 1958, 4, 
4), 371-376) A method is described of substi 
tuting spectrographic 
colorimetric 
of solutions 
Pananayev. 

The development of metallurgical spectro- 
scopy E. H. 8S. van Someren (J/S/J, 1960, 194, 
Jan., 51-53) [This issue] 

Polarographic determination of chromium in 
ores J. Prusa and E. Skokan (Coll. Czecho 
slovak. Chem. Comm., 1959, 24, May, 1420 
1423) {In German] The ore is fused with 
Na, QO, and an aliquot polarographed under N, 
at 0-6 V. 

Electrochemical siag analysis |. V. Bog- 
dandy and : iess (Radex Rund., 1958, (7), 
354-360) The ‘metallurgical excess of lime’ 
defined as MK=CaO+ MgO 3P,0,-2 SiO, 
in mol %, is determined in basic Bessemer 
slags by dissolution in water at 80°C 


order given, the accuracy also 


same way, varying from 


Comm 


determination for the 
methods used in the examination 
prepared by the method of 


a con 
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stant proportion goes into solution) and deter 
mining the electrical conductivity of the 
tion 

Determination of bi- and tervalent titanium 
in slags containing metallic and bivalent iron 
L. lL. Veselago (Zhur. Anal. Khim., 1958, 13, 
5), 562-566) A method is described for the 
determination of Ti** Ti®*+ in a wide range 
of compositions in slags containing 1-2 
metallic Fe and 0-75-2%, FeO 

Contributions to the chemistry of iron and 
steel: analytical methods in the chemistry of 
water (1952 to the os of 1958) I. 
Pliimer (Stahl Eisen, 1959, 79, April 2, 436 
437) A review of published work on: total hard 
ness determination, estimation of iron, copper, 
xvgen, chlorides, nitrates, 
sulphate ions, orthophosphates, and hydrazin 
(42 refs.) T.G 


solu 


and 


> 


chlorine, cyanides, 


INDUSTRIAL USES AND 
APPLICATIONS 


Cast iron in the construction of equipment 
for the chemical industry P. von der Forst 
Werks Korr., 1959, 10, April, 213-218) 
Examples are given of the use of cast iron in 
this field, a description of the properties of 
several alloy cast irons used in the chemical 
industry is given, and reference 1s made to 
application of nodular and enamelled cast iron 

Steels for tubular structures H. Born (* Tech 
Vitt., 1959, March, 109-113) An examination 
of the DIN specifications which, as yet, do not 
deal with tubular structures. Meanwhile DIN 
17-100 and DIN 1629 are compared and com 
positions of suitable materials and the results 
of research in Germany and elsewhere are 
given. 
The production of preserve tins J. Podolak 
(Prumysl Potravin, 1959, 10, (3), 143-146) [In 
Czech} A review. Pr 

Stainless steel and the French dairy industry 
(Aciers » 1959, (31), March, 
elopment in the use of 
equipment in France is 


ines Spéciauz 
46-49) The post-war dev 
stainle S55 ateel dairy 
described. 

Comparison between open-hearth and elec- 
tric steel as wire rope hoisting cable material 
B. Ansorge (Neue Hiitte, 1959, 4, April, 210 
218) The results of the investigations described 
indicate that wide scatter in the strength 
properties of the rope wires in a lay are 
attributable mainly to difference in C and Mn 
contents. Wires should be made, if possib le, 
from the same charge of metal, and the surface 
condition of the steel should be as good as 
Wire from electric steel showed a 
greater tendency to age-hardening, leading to 
unfavourable mechanical properties, including 
a reduced fatigue strength. From these and 
other considerations it was concluded that 
electric steel is unsuitable for the manufacture 
of high grade wire ropes. 

On the problem of assessing the quality of 
alloys for electric heaters N. V. Semenova and 
L. L. Zhukov (Stal’, 1959, (7), 652-655) A new 
standard has been evolved and shortcomings 


possible, 


of the previous method are discussed. 

High-temperature-resisting steel and alloys 
for aircraft engine construction A. von den 
Steinen (Luftfahrttechnik, 1959, 5, July 15, 
243-248) A review of the properties required 
for gas turbine parts and of the mechanical 
properties, especially fatigue and endurance, of 
typical steels now available. 
12°. Cr steels, austenitic (13-22° 
and Fe-Co-Cr-Ni alloys and their 
elevated temperature properties are given, 
also Ni and Co alloys. (23 refs.) 

Steels for supersonic missiles Kh. Oppenheim 
(Luftfahrttechnik, 1959, 5, July 15, 237-243) 
Low alloy steels, alloy hot-work steels, heat 
treatable 12% Cr steels, cold-rolled stainless 
Cr—Ni and age-hardening stainless and austen 
itie steels and other alloys are reviewed and 
their properties, advantages, drawbacks, and 
uses are indicated. Steels included are 19-9DX, 
A-286, and N-155 and Ni and Co alloys. 


Compositions of 
Cr, 0-26°%,Ni) 


steels 


HISTORICAL 


Excavations of ancient bloomery hearths in 
the south-east of Austria J. W. Gilles (Stahl 
Eisen, 1959, 79, June 11, 885) Excavations 
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R. 1. Mayrhofer and F. Hampl 
of bloomery hearths in certain 
briefly reported and 


earned out by 
1950-56 
Austria are 
surmmarized,— 1 
Sane lit rature # the end of the 
Middle Ages \. Zsik (Koh. Lapok-Ontéde, 1959, 
10, April, 114-115) The author reviews the 
works on metallurgy and foundries of the 
following scholars who lived at the end of the 
middle ages: Theophilus Presbyter, 
Agricola, and Vannucio Biringuccio. 
From old Polish foundry literature 
Plaskowski (Prz. Odlew., 1959, 9, (4), 113-115) 
\ sixteenth-century description of the method 
using 
turpentine 


during 


parts of 


(eorgius 


of casting of small coins and souvenirs 
charcoal, fireclay 
soot as deoxidant F.1 

A second east-Wwen biast- furnace built by 
Friedrich Harkort J. W. Gilles (Stahl Eisen, 
1959, 79, June 25, ae 949) A note 
the second cast-iron blast-furnace 
Harkort in 1829 32 at Riblinghausen 
Olpe im Germany The furnace produced 
3-9t iron/day using 1025 kg charcoal per ton of 
In 1852 to the searcity of charcoal 
that hands in the 
meantime, got a heence 
dition that coke was used. G 

Steelmaking USA. Part i. L. F. Reinartz 
J. Metals, 1959, 11, April, 261 264) This part 
deals with the early development of the iron 
and steel industry in USA 

A great French metallurgist and organizer 
Henry Fayol 1H Fayvol (Acrers Fines Spéciaur, 
1959, (31), Mareh, 112-117) A biography of 
Fayol, and the part played by him in develop 

the concern which became the Societe 


d’Imphy 


eruc = les, and 


deseribing 
built by 
near 


iro owing 


the works, had changed 


to — only on con 


etallurgique 


ECONOMICS AND STATISTICS 


Increased costs of production in steel: the 


BOOK NOTICES 


tdrances in Semiconductor S¢ 
Internat. Conf., 
18-22, 1958) 
Editor, H 
Illustrated 
Pergamon 
This is a 
the theory of semiconductor 
tioned only incidentally. The 
no direct applications to iron and steel and 
practical metal 


(Proc. 3rd 
U.S.A., Aug 

Bardeen. 
pp.ix + 553. 
New York, 


ience’ 
Rochester, 
Chairman, J. 
Brooks. 10 7} In., 
1959 London, 
(Price £5 
most important symposium on 
8; uses are men 
contents have 


no wigs interest for the 
lurgist, but with the growing interest in and 
tr Ta of the solid state, and metal 
physics in particular, a branch of the subject 
as well explored and as we ll understood as 
this must be of immense theoretical import 
understanding of metal beha 
Here, al- 
specialized, is a 
two in French) in 


ance for the 
viour at the 
though admittedly 
collection of 135 papers 
each with 
bonding and electron 


minute level. 


very 


most 


twenty discussions, 


groups, 
throwing light on the 
mechanisms of matter at its most intimate 
level short of nuclear science itself. It is not 
a book that can be lovere ven though, 
Alkali Metals’ and ‘Grey Tin’ are in the 
‘Metal’ itself is not. J.G. CocKBURN 
BiLFINGER, R., et al. ‘VEM-Handbuch Gal 
chnik’. & 5} in., pp 504. Illustrated. 
Berlin: VE B Verlag Technik. (Price 


passer 
while 
index 


vanote 
1958, 
DM.13 
VIELHABER, ‘Emailtechnik’. (3 Auflage). 
8 5$ in., pp. 168 Illustrated, 1958, Dussel 
dorf, V.D "i edna Price Dm.19.80), 
Neither of these books is likely to appeal 
to British readers as their counterparts m 
English are readily available, but German 
nationals will, of course, look upon them ina 
different light 
The first book, as its name 
handbook on electro plating and has been 
under the general direction of 
conjunction with six others. 
nally into ten sections 


indicates, 18 a 
produced 
Dr Bilfinger in 
It is divided conventio 
and an Appendix. It commences with a sec 
tion devoted to the ientals of electro 
and finishes 


fundan 


with a section on 


plating 


Hoyvan 
Prob 
steel costs in 


problem and possible solution WW. |. 
(Iron Steel Eng., 1959, 36, April, 83 88) 
lems connected with increasing 
the United States and foreign competition are 
discussed, and solutions put forward. 

The growing Canadian steel industry |). 
Holbrook (AJISI Yearbook, 1958, 81-90) 
Mainly economics, 


Large increase in ferroalloy sales — 
H. K. Tutemann (/nd. Heat., 1959, 26, 
282.399) Increase in the production of stain: 
will about the predicted 
of Fe-Cr and Fe Nb 


less steels bring 


increase in consumption 


MISCELLANEOUS 


Ferromagnetic iron oxide 
Czechoslovak, Chem. 

In German] Preparation of y-Fe, 
and the effect on its magnetic properties of <2 
Mn, Cu, Sn, Zn, Co, and mixtures of these are 
described 

Manganese ((Geologia ¢ Metalurgia, 1959, 
(19), 13, 118) The metallurgy and industrial 
applications of Mn and its alloys are dealt with. 
Classified analysis is given of the world-wide 
consumption of Mn and its ores, and various 


. Vavra (Coll, 
1959, 24, —_—— 


Comm., 


657-662) 


Mn recovery processes are described. Economic 
aspects are discussed, and a chapter deals with 
the use of Mn in Brazil (85 refs). 


Heat recuperation in industry J. 
(Chal. et Ind., 1959, 40, Jan., 3-14) 
methods used in industry to recover 
and sensible heat. Industrial 
classified from the point of view of 
requirements, and the 
recuperation are discussed 

Calculation of the adjustment of the deform- 
ing device in the manufacture of twist-resistant 


Fafournoux 
\ review of 
latent 
processes are 
thermal 


principles of heat 


electro-plating in industry, which inter alia, 
deals with the neutralization of effluent 
from plating shops, protective clothing, and 
first-aid in the case of poisoning and other 
accidents peculiar to electro plating depart 
ments. The Appendix is comprehensive and 
consists of the usual tables found in electro 
plating handbooks 

The book on enamelling is an elementary 
but very well written description of enamel 
ling which is defined in the first paragraph as 
a glass-like mass made by melting or fritting, 
that is, ‘melted-on’ to metal articles. It 
touches on every aspect of enamelling com 
mencing short introduction to the 
development of the enamelling industry and 
then briefiv describes the materials for, 
and the preparation of, and the 
enamelling process itself. It includes sections 
on the testing of enamelled 
methods for removing enamel with a view to 

KAYSER 

‘Physical Vetallurqy’, 
323. Illustrated. 1959, 
McGraw-Hill Publish 


66s.) 


with a 


raw 
enamels 


goods and on 


re-enamelling. —J. F. 
IRCHENALL, CC. E., 
9x6 pp-Xv 
New York, London: 
ing Co. Ltd. (Price 

This book is not intended as an easy intro- 
duction to physical metallurgy for the 
general reader, but rather as a text-book for 
students attending a lectures on 
the fundamentals of the subject. The treat 
modern lines, scientific 
principles given pride of place 
throughout. A good grounding in the basic 
sciences 1s required, if all sections of the text 
are to be fully understood, but the author 
writes so clearly and interestingly, and the 
book is so full of information, that it can be 
read with and advantage 
some of the mathematical and thermo- 
dynamical treatments may have to be 
passed over. Because the approach is 80 
modern, the book can be recommended as a 
refresher course for metallurgists who have 
learned their physical metallurgy in the 
traditional way 

The first 100 pages are devoted mainly to 


course of 


ment is along very 


being 


pleasure 
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even if 


ropes 6. N. Dorodnykh (Stal’, 1959, (8), 750 
754) A method of calculation of the 
preshaping render wire 
resistant to untwisting is presented. 
Job evaluation and e-work wages in 
maintenance shops W. Kuchler (Stahl Eisen, 
1959, 79, April 2, 426-430) The difliculties 


involved in this internal accounting system are 


degree of 


necessary to ropes 


discussed r.G. 


Some results of discussions setae the 
method of assessing labour productivity Ya. D. 
Kats (Stal’, 1959, (8), 748-749) A diseussion of 
contributions atinine from a previous article 
showing that present methods were inexact. 

a ana in the French iron and steel 
industry (Aciers Fines 1959, (31), 
March, 6 :; lraining of student engineers and 
of French and foreign engineers, with or with 
out exchange arrangements, is described. 

Accident prevention and health protection in 
blast furnace —_ open-hearth practice A 
Prokay (PACT, 1959, 13, June, 204-211) The 
ty Baad section 1s concluded by a refer 
ence to safety measures at the low level and in 
the casting bay, and the author then discusses 
accident prevention in the OH plant 

Physiopathological effects of carbon monox- 
ide on the blood. Emergency treatment for 
poisoning. Comparison between the effects of 
carbon monoxide and those of hydrocyanic acid 
* the er Besancon (Centre Doc. Sidér 

1959, 16, (2), 399-416) The subjects enumer 
ated in she title are treated in detail. 

Protection against gases in iron works | 
Zillmer (*Stahl Eisen, 1959, 79, April 30, 629 
634) The need for sufficient protection against 
gases in iron works 1s stressed, the requirement 


Spéciaur, 


Cire., 


on the equipment described, and the organiza 
tion for keeping the equipment 
discussed r.a,. 


available 


erystalline nature of 
an introductory treatment 
of crystal imperfections such as vacancies 
and dislocations, phase equilibria in metallic 
and alloy theory. The next 100 
deal with the elastic, plastic, and 
physical properties of metals and alloys, the 
growth of metal crystals, and very success 
fully, with the difficult subject of diffusion in 
solid metals and oxides. In the final 100 
pages, there are four outstandingly interest 
ing and informative e hap ters covering corro 
sion, recovery, recrystallization, grain 
growth, age hardening, and some aspects of 
the heat treatment of steel. M.S. FISHER 
mNDON, E. U. and Opisnuaw, H. (Editors 
‘Handbook of Physics’. 10} x 7} in., pp-Xxvi 
1472. Illustrated with diagrams. 1958, 
New York: McGraw-Hill (Price £9 148,) 
This is a superb book of reference and a 
very great compliment to physicists in its 
staternent in the preface that it should be 
considered as ‘What every physicist should 
know’. It is divided into 
mathematics, mechanics of particles 
rigid bodies, mechanies of deformabk 
bodies, electricity and magnetism, heat and 
thermodonaimic ‘8, Optics, atomic physies, the 
solid state, nuclear physics, with an appen 
dix of units and po rsion factors. Though 
naturally variable in degree of 
compression, each is an admirable and con 
summary of fundamental theory. Each 
section has a bibliography which is exten 
sive and appears to be very well chosen. The 
book appears to be practically free from mis 
prints and the index is adequate having 
regard to the excellent plan and detailed 
contents list. Any reviewer is likely to be 
assailed by doubts as to whether any 
physicist can, in fact, know more than a 
fraction of what is in this book and as to 
whether it can be any guide to a new field of 
physies in its extremely 


a consideration of the 


metals, including 


systems, 
pages 


nite 


sections 


and 


somewhat 


cise 


and 
mathematical form, but as an achievement it 
can only be admired. Even at the high price, 
which is justified by the contents, it is 


compressed 





obvious! : 00} ) every physicist 
must hay . no serious advanced 
worker 1 oing te egret its purchase 
J. G, 


JRESCHER, H. * Der Uberfanggus’. 10} = 8} u 
pp. 192. Illustrated. 1958, Mainz: Verlag de 
Romuisch-Germanischen Zentralmuse 

Phe work, commenced in 1949, of 

this is an account, forms part 
research which is still g 
technology of the bronze age. Its object has 

elucidate im detail the methods of 


roing on into 


been to 
production, the patterns, cores, and tools 
used; and it may be said at once that it is a 
enormous piece of work which has clearly 
been admirably carried out. The basis of the 
investigation has been the examination of 
the finds themselves, in the course of whict 
the author has dealt with many hundres f 
found in many different countries 
success which has attended his search 
dence for the manner in which the 
particular object was made or repaired 
leaves a feeling almost of the uncanny. The 
mistake made by some unknown worker on 
a day perhaps sore S000 vears ago is again 
or perhaps for the first time brought t 
light; whilst not the least Wluminating side 
lhazht of the work ts the immense amount of 
trouble to which the old smith would go t 
render a defective casting, weapon, or tor 
usable. So much archeological research 1s 
completely 
freshing to i 
failures of individual men 
The factual content of the book is s« 
that to 
The forty-three plates, each showing man 
different ives, illustrate with the utmost 
clarity ¢ aspect of the art the pr 
historic foundryman. The stone mould for 
bronze arrowhead (plate 29) has side by sick 


ummarize it is quite impossible 


a diagram showing exactly how the casting 
was run; in plate 1, how the defeetiy 

chariot wheel was repaired is equally clearly 
demonstrated. By sections, radiographs and 
rik rographs the skill and ingenuity of thos 
who made the articles, and be it also said, 
each separate internal blow-hole and crac 
are laid bare. This book is not one for the 
ordinary reader; it describes a substantial 
and very solid piece of research work, and 
must be approached as such, but that it is ar 
outstanding contribution to knowledge, 
both metallurgically and historically, there 
ean be no doubt. The 
which sponsored it, and in fact all who con 


author, the museurn 
tributed to its production may justifiably 
look on it with legitimate pride. 
eC. THOMPSON 
iLLiot, G. D. and ND, Practical 
Tronmaking’. Yx6 > pp 276. Illus 
trated. 1959, Sheth ited Steel 
Companies Ltd. (Price £2 
Probably the most outstanding feature of 
the developments in the ironmaking industry 
during the last twenty-five years has been 
the substantial increase in daily productior 
of the furnaces and reduction of the coke 
rate, brought about by ore preparation. The 
first installation on this principle 
ed work just twenty-five vears ago at Corby, 
and its development to the extent of crush 


comment 


ing and sintering the full LOO of the ores 
and fluxes used has been a prominent fea 
ture of the work of the Appleby-Frodinghan 
Company. The publication of a book on iron 
makings wording the experience and know 
ledge of the men who carried out this work, 
is certain to be of value and interest to all 
engaged in the ironmaking industry 

With the growth in size of individual 
furnaces the increase in daily production, 
the development of pre-preparation, and the 
wider application of mechanization, there is 
a corresponding growth in the technical 
knowledge and judgment demanded from 
the men who control these operations While 
the fundamental principles of blast furnace 
construction and practice can be learned 
through the normal educational and training 
courses, the successful application of these 
principles can only be acquired by the 
experience of the indi idual and others 


actually engaged in practical operations, 
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The subject matter of the boc ve F irst 1 ‘ ack and then, on 
wide held of the des 


plant and 


yn and construc on open » si i t ag at wast« 
juipm ndicating clearly the ace: the abo e 2-3 ln 


regular routine of insp nh, maintenance, <amination, how 
and contro , y fo iooth oper: " ‘ r, the « m8 are \ accurate and 
from the me ani ‘ and of the ) mathe id all branches of 
charging and b ‘ erations ti st i ‘ i advanced level 
the desired li p iron "IT abl detini 3M ‘ , if little use to the 
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twelve-page treatment of the principles of 
conductivity measurernent which, for the 
purposes of this book, could be confined to 
the example of commercial equipment which 
is illustrated. The main part (about 100 
pages) is devoted to the chemical analysis of 
plating, phosphating, cleaning, chromating, 
polishing, and anodizing baths. The methods 
given are mainly classical, though a recently 
published method for determining iron in 
chromium baths is given which involves 
titration with disodium ethylenediamine 
tetra-acetate. Physical testing methods are 
the subject of the next section. There is a 
good treatment of hardness testing, includ- 
ing scratch- and micro-hardness techniques. 
Wear-resistance, gloss measurement, and 
metallography are also treated in this 
thirty-eight-page section. Finally there is a 
thirty-six-page section in which are des 
cribed: chemical and electrolytic methods of 
stripping coatings for thickness determina 
tion, porosity testing, and corrosion testing, 
and a new apparatus for corrosion testing 
with aerosols. The book seems generally free 
from errors, though there are incorrect 
spellings of non-German names, e.g. 8. C. 
Clark (p.246) for 8S. G. Clarke, and F. 
Ockburn (p.256) for F. Ogburn, while on 
p-195 the formula for sodium sulphate 
appears where sodium chromate is intended. 
Most of the information however is available 
in well-known English books on the analysis 
of plating baths and plating handbooks. 
F. W. Sart. 
SYRONNET, E Les Anciennes Forges du 
Périgord’. 9x 7 in., pp.vi + 360. Illustrated 
1959, Bordeaux: Delmas (Price Fr.1 500.) 

The author has traced the history of iron 
working in the region of Périgord in the 
South-West of France, from the early 
exploitation of the valuable iron-ore re 
sources in the prehistoric and Gallo-Roman 
periods to the nineteenth century of our era 
This well documented work is a major con 
tribution to the history of the iron and steel 
industry. Detailed descriptions of the iron 
works and the processes employed, such as 
that of 1774 (pp.86-122) are of remarkabk 
value. The surveys of the works are followed 
by a short history of the principal families of 
ironmasters. 

The book is equipped with a geological 
map and a fair number of illustrations, the 
most interesting of which is a reproduction 
of two cast-iron firebacks (pp.307 and 309) 
representing a double furnace employed for 
the casting of cannon and shot. In this 
connexion, a statement made by Sweden 
borg in 1734 (‘De Ferro’, p.145) might have 
been taken into consideration. According to 
Swedenborg cannon-founding was establish 
n Périgord with the help of English work 
men and some of the furnaces erected were 
double furnaces. The use of the wealth of 
historical and technological evidence sup 
plied would be very much easier, if the book 
were equipped with an index, at least, an 
index of the numerous place names. 

H. R. ScHUBERT 
1GODIN-ALEXEJEW, G. I. [Pogopin-ALeEK 
seev, G. 1.] et al. ‘Metallkunde Inalysen 
methoden Laborarbeiten und Aufgaben’. 
Translation into German from the Russian, 
‘Metallovedenie Metodyi Analiza, Laborator 
nyie Rabotyi i Zadachi.| Deutsche Bear- 
beitung E. Schiebold. 9} x 6$ in., pp.559. 
Illustrated. 1956, Berlin: VEB Verlag. (Price 
DM.40.) 

This book, a text-book in East Germany, 
has been translated from the original 
Russian and is intended for the metallurgical 
section of university and college courses in 
engineering construction and mechanics. 

Part I, the largest of six sections, covers 
thermal analysis, macroscopy, microscopy, 
mechanical testing, hardness testing, and 
physical methods. Part II deals with equi 
librium diagrams for binary and ternary 
alloy systems. Part IIT is on plastic deforma- 
tion and recrystallization. Part IV consists 
of five chapters on the structure, properties 
and heat treatment of steel and cast iron; 
Part V covers the same ground for some non 
ferrous alloys in three chapters. Part VI 


contains five chapters of problems on metal 
lurgical applications. The appendix mainly 
consists of tables setting out the composi 
tions and applications of steels and alloys to 
USSK specifications, hardness values, and 
correlation between systems and USSR 

German steel equivalents. Apart from a short 
historical introduction restricted to the 
achievements of Russian metallurgists, the 
approach of the authors is stark and direct. 
No space is devoted to manufacturing 
methods; applications are all that matter. 
This utilitarian treatment may be con- 
trasted with the metallurgical part of the 
mechanical engineers’ syllabus in Great 
Britain: it indicates the close specialization 
practised in the USSR, and, as the book 
shows — handed on to the satellite countries. 

The text is supplemented by practical 
problems or exercises to the number of over 
500; it is suggested in the preface that these 
may be considered as examples to be 
elaborated. The authors stress the inade- 
quacy of two or three points to determine a 
graphical representation of experimental 
work and point out the advantages of several 
workers operating together in ‘Kollectiv- 
arkeit’. 

rhe original lists of reference books have 
been supplemented by the translator who 
has attempted to repair the deficiencies in 
respect of non-Russian sources and modern 
techniques. The half-tone illustrations are 
generally poor, probably on account of the 
copying process, and some of them are badly 
out-of-date. One interesting feature is the 
use of the ‘pond’ instead of the gramme so 
that mechanical tests are quoted in terms of 
Kp/mm® instead of the more usual Kg/mm?. 
Those concerned with education in the 
engineering and metallurgical fields in this 
country should give close attention to the 
principles on which the book is based and 
the light it throws on the mass production of 
specialized technicians.—J. F. HINSLEY. 
aynor, G. V. ‘The Physical Metallurgy of 
Magnesium and its Alloys’. 8454 in., 
pp.ix-+ 531. Illustrated. 1959, London, New 
York: Pergamon Press. (Price £3 15s.) 

A number of books has been written 
concerning magnesium and its alloys, but up 
to the publication of Professor Raynor’s new 
book all others have dealt with technological 
aspects. Professor Raynor has made the 
investigation of magnesium and its alloys 
one of his main interests, and it is not sur 
prizing that he has published a book that 
will justify its existence for a long time. 

The book is divided into two main sec- 
tions; the first deals with the nature of 
magnesium and its electronic structure and 
the general alloying behaviour of magne- 
sium. The types of phases observed in alloys 
are discussed in good detail and the deforma 
tion characteristics under applied stress of 
single crystal and polycrystalline materials 
are adequately covered. In the second part 
the constitutions of binary alloys are con 
sidered even though a number of the alloys 
may not appear to have any technical im 
portance at present. Professor Raynor has 
discussed the metal additions from the 
various groups of the Periodic Table in 
order. The alkali metals and copper, silver, 
and gold are first considered and these are 
followed by metals of groups IT, III, IV, V, 
VI, VII, and finally the transition metals of 
group VIII. In the main, the various groups 
are dealt with in separate chapters, which 
number seventeen in all. A chapter is 
devoted to systems formed with gaseous 
elements such as hydrogen, nitrogen, 
oxygen, and sulphur dioxide. The final 
chapter consists of a brief outline of the 
influence of alloying elements on _ the 
mechanical properties of magnesium. In the 
introduction the author states that no 
attempt will be made to deal with metallo- 
graphic detail, except where a brief dis 
cussion would appear to be relevant. Six 
photomicrographs appear in the book to 
illustrate the text, these being illustrations 
of magnesium-zinc and magnesium-zir 
conium structures. On p.347 a good descrip- 
tion of precipitation In magnesium alu- 
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minium is given and it would have been 
helpful to see some photomicrographs. 
Metallography is useful to help the reader 
and it is to be regretted that there are so few 
micrographs. The book is well illustrated by 
graphs, atomic arrangements of crystal 
structures, and by numerous diagrams, and 
an occasional ternary isothermal section 
The text is written with a clarity of expres 
sion that is outstanding. 

A. J. MacDouGatt. 


Rouen, F. A., and Bauer, A. A. ‘Construc 
tional Diagrams of Uranium and Thorium 
Alloys.’ 9x6 in., pp.vi+ 154. Illustrated. 
1959, teading, Mass.: Addison-Wesley 
Publishing Co. Inc. (Price $5.00.) 

This book is based very largely on the 
Batelle Memorial Institute publication which 
it now supersedes and should be of even 
greater value. It is divided into two main 
sections, uranium alloys, and thorium alloys. 
The information has been arranged by a 
completely alphabetical listing and in many 
cases no constitutional diagrams are given. 
In the uranium section sixty-five systems 
are discussed with thirty-three binary and 
twelve ternary diagrams. In the thorium 
section twenty-one binary and two ternary 
diagrams are included in the forty-six 
systems discussed. The systems described 
include a wide range of metal additions from 
group I to VIII of the Periodic Table. Some 
non-metals and gaseous elements have also 
been mentioned. Crystallographic data 
tables are given for uranium and thorium 
and where known, similar details of the 
alloy phases. There are upwards of 400 
references most of which refer to unclassified 
published work for the years 1947-57 with 
an occasional 1958 reference. It is not clear 
to the reviewer how the diagrams were 
selected for publication. Some diagrams 
from other sources show considerable 
differences from those in the book, in par 
ticular the temperature of the liquidus lines. 
Without doubt, many systems of uranium 
and thorium are difficult to investigate but 
it is also difficult for the uninformed reader 
to make an assessment. The ternary dia 
grams are interesting but greater value 
would have been gained if more than one 
isothermal section had been published. 
Since research on uranium and thorium is 
still being carried through with great 
intensity it is conceivable that this book 
may be outdated very quickly. 

A. J. MacDouGAL. 
RATOVKIN, D. D. ‘Dendritic Crystallization.’ 
2nd ed. Translated from the Russian by 
J. E. 8. Bradley. 9} 6 in., pp.126. Illus 
trated. 1959, New York: Consultants 
Bureau Inc. {London: Chapman and Hall 
Ltd.] (Price 50s.) 

This work begins with a brief review of 
various Russian ideas, leading to the con 
clusion that dendrites arise as a result of the 
interference in the crystallization process, 
brought about by the pattern of impurity 
build-up at the growing interface; a detailed 
description is then given of dendritic crystal 
lization. A short section on the ‘Effects of 
Surface-Active Impurities on Crystalliza 
tion’ introduces a detailed discussion on the 
crystallization of NH,Cl, and on the effect of 
various impurities on the form of its den- 
drites. Skeletal, antiskeletal, feathered, 
spiral, and cellular growth forms are des 
cribed and discussed with reference to 
dendritic crystallization. A section on eutec- 
tic crystallization as, ‘a special case of 
dendritie crystallization’, is followed by a 
discussion on ‘Contact Fusion as the Cause 
of Eutectic Fusion’ and on the application 
of contact fusion to the production of 
high m.p. compounds. The solidification of 
bubble-free steel is described in the light of 
the theory of dendrite formation developed 
above; included in this is a discussion of 
recent Russian theoretical work. 

A feature of the book is the use of stereo 
photomicrographs; a section on the viewing 
of such photographs by eye is included. 
Diagrams and micrographs are numerous 
and, along with the text, extremely pleasing 
ly presented. The metallurgist may be dis 





appointed to find that much of this book is 
concerned with crystallization from aqueous 
solution. Further, the author makes no 
attempt to discuss critically the various 
ideas on dendrite formation, rapidly coming 
to his own conclusion and then going on to 
discuss various problems in the light of this 
conclusion. However, this book isa welcome 
addition to the library of cover-to-cover 
translations from Russian into English, 
being of especial interest to those concerned 
with crystallization. J. M. Towner. 

Scumipt, H. and Dickmann, H. ‘Bronze- und 
Eisenguss.’ Bilder aus dem werden des 
Giesstechnik. 7} « 10in., pp.122. Illustrated. 
1958, Diisseldorf: Verein Deutscher Giesserei 
fachleute. (Price DM.20.) 

At the Diisseldorf International Foundry 
Fair organized in 1956 by the Verein 
Deutscher Giessereifachleute, an historical 
exhibition was arranged which, while mak 
ing no claim te completeness, yet provided 
an excellent general picture of the develop- 
ment of the industry during more than 
3000 years. The delightful little book under 
review provides a pictorial record of this, 
and the Verein, and all those responsible, 
deserve our real thanks. The illustrations 
cover a period from pre-historic times to the 
Eros in Piccadilly Circus, and amply demon- 
strate both the technical skill of the foundry 
man of all ages and the beautiful forms into 
which his metal could be cast. Although 
intended for the general reader, there are 
many with special interests in archeology 
and the history of art who will weleome this 
record, 

An introduction of thirty pages gives 
concise but authoritative summaries, first of 
the history of castings in the non-ferrous 
metals by Dipl.-Ing Hans Schmidt, which is 
followed by a corresponding summary of 
iron castings by Herr Herbert Dickmann. 
These give a historical background adequate 
to enable the non-specialist reader to 
appreciate the conditions under which the 
various items were produced. 

This division into a ferrous and non 
ferrous section the term bronze for the 
former is unduly restrictive — is continued in 
the eighty-nine plates containing 177 
separate items. The range is very wide 
extending from a sandstone mould for the 
easting of sickles of about 1200 B.C. to the 
east iron railings outside the Senate House 
at Cambridge, or from the lion of A.D.953 in 
the Garden of the Kai- Yuan temple, possibly 
the largest iron casting ever made, to the 
bronzes of Rodin and other artists of the last 
hundred years. 

Two reflections of a general nature are 
aroused by this book. In the first place it 
arouses an enhanced respect for the skill of 
the workers by whom these works of art 
were produced: even the most utilitarian old 
cooking pot is so exactly right as to have a 
functional beauty of its own. Secondly, the 
majority of the items illustrated are, as 
would be expected, drawn fron 
sources, over two dozen museums have pro 
vided these, Thuseums spread over the 
whole of Western Germany. Perhaps some 
day, we too, in this country may also be able 
to see in our provincial museums more than 
the skim milk of the national collections 

F.C. THOMPSON 
Pore, J. A. (Editor Vetal Fatique.’ 9} « 6in., 
pp.xiv +381. Illustrated 1959, London, 
Chapman and Hall Ltd. (Price £3 10s.) 
Sines, G., and Warsman, J. L Editors 

Vetal Fatique’ 9» 6 in., pp-x 415 
Illustrated. 1959, New York, Toronto, 
London: McGraw-Hill Publishing Co. Ltd 
(Price £4 17s.) 

It has been stated that of all the failures 
occurring in service some 80°, are due to 
metal fatigue and of these a very high pro- 
portion are attributable to either faulty 
design or inadequate precautions against 
fatigue being taken during component pro- 
cessing. On these grounds alone, both these 
books are particularly welcome. The fact 
that thev both have the same title and at 
first sight appear to cover the same aspects 
of the subject need not embarrass their 


German 


respective editors since to a large extent they 
are complementary. Engineers, practising 
and potential, to whom both books are par 
ticularly addressed will find much informa 
tion gathered from experience, directly 
applicable to their day to day problems, 
backed up where appropriate by the relevant 
theory. 

The general layout of the two books is 
similar, both being comprised of a series of 
papers contributed by experts each with 
specialized knowledge of a particular aspect 
of the fatigue of metals. Unlike Professor 
3. A Pope's book which reproduces the 
individual papers as presented by their 
respective authors, the American book 
edited by Professor G. Sines and J. L. Wais 
man has been co-ordinated to give it a uni- 
formity of style of technical writing and 
one suspects to avoid repetition. A particular 
virtue of the American book is the inclusion 
of the very carefully selected bibliographies, 
appended to each chapter. The index pro 
vided is unfortunately inadequate in both 
books. 

The bock edited by Pope is divided under 
three major headings Part I. Funda- 
mentals of Fatigue. Part II. The Fatigue 
Properties of Engineering Materials and 
Components and Part III. Fatigue Testing 
of Engineering Components. Whilst this 
division was probably appropriate for the 
course on fatigue held at Nottingham Uni 
versity at which the papers were originally 
presented it is to be regretted that some 
further breakdown was not made in pre 
senting the information to a wider public. 
As examples, fatigue under environmental 
conditions, corrosion, and high or low tem 
perature, would seem to warrant some 
special division. Apart from this, however, 
the book is much to be praised on the 
grounds that the general tone is to empha 
size the scientific approach to the exclusion 
of mere empiricism and to draw attention to 
the fact that every problem connected with 
the fatigue of metals is an individual one and 
should be treated as such. Very little is said 
in this book about metallurgical factors in 
relation to fatigue and for this reason the 
second book is complementary 

Sines and Waisman, with a decided bias 
towards fatigue in relation to aircraft, 
separate their book into six logical parts 
Part I is an introduction dealing with what 
constitutes the problem of fatigue and the 
factors influencing fatigue strength. Part II 
deals with fatigue mechanisms mainly on 
metallurgical grounds, mentioning briefly 
dislocation theory. Fatigue testing and the 
planning of experiments are dealt with in 
Part III, whilst Part IV analyses the 
influence of external factors, such as stress 
system and temperature on fatigue life. A 
very useful contribution is contained in 
Part V which deals with load analysis 
Structures and machines constitute the 
topics of Part VI, referring mainly to 
aircraft 

It is gratifying to note that both books 

devote complete chapters to the statistical 
aspects of fatigue, the significance of which 
s now being realized. These two companion 
books deserve to be widely read and ought 
to be standard library volumes in any 
design office J. CLAYTON-CAVE. 
USSAINT, M. M. F. ‘From Ore to Steel.’ 
Translated from the German by F. A. 
Rudolph. 4th ed. 9x 64 in., pp.144. Illus- 
trated. 1958, Diisseldorf: Verlag Stahleisen 
Price DM.9.) 

This publication is the fourth edition of 
the work and as such presents a carefully 
edited and revised version of the original. It 
is a most readable book and there can be no 
doubt that it will prove both interesting and 
useful to the layman who is seeking a simple 
explanation of the vital operations involved 
in steelmaking and the raw materials neces- 
sary for its manufacture. The illustrations 
and diagrams are excellent and give a clear 
visual picture of the vital parts of the plant. 
The translation also is excellent and has 
obviously been carried out by a person with 
a very good knowledge of the steel trade. A 
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few minor corrections are still necessary but 
none is of vital importance, with the possible 
exception of the section which deals with the 
products derived from coal-tar. The glossary 
of technical terms and the chart showing the 
principal operations will be of undoubted 
value to the ordinary reader. 
T. P. Co.ciovan. 
‘OGEL, R. ‘Die Heterogenen Gleichgewichte 
2 Auflage. 9 x 6in., pp.xxi + 728. Illustrated 
1959, Leipzig: Akademische Verlagsgesell 
shaft Geest und Portig. (Price DM.54.) 
Heterogeneous Equilibria: A better title, 
at least in English, would have been The 
Principles of Phase Equilibrium Diagrams’. 
In the first chapter, thirty-six pages, the 
author discusses briefly the basic theories of 
chemical equilibria and the derivation of the 
phase rule. The following four « hapters are 
devoted to Chapter II one component 
systems (fifty pages), Chapter III — binary 
systems (221 pages), Chapter IV ternary 
systems (362 pages), and Chapter V 
quaternary systems (forty-five pages) In 
Chapters III and IV the author discusses at 
great length all the possible reactions and 
transformations which may occur in binary 
and ternary systems and the resulting phase 
relationships, e.g. miscibility, immiscibility, 
partial solubility, compound formation, 
eutectic, peritectic, ... ete. The ternary 
systems are well illustrated with isothermal 
and vertical sections together with three 
dimensional drawings and photographs of 
solid models. At the end of Chapter IV, the 
author gives nine examples of metallic 
ternary systems showing some character- 
istic features of the phase equilibria. How- 
ever, it is to be regretted that the author has 
not compiled the recent data for the con- 
struction of these metallic ternary systems. 
For example, a large amount of work has 
been done on the iron—carbon sulphur 
system during the past ten to fifteen years, 
but no references are made to it. The 
chapter on the quaternary systems should 
have included a few typical examples of 
metallic and oxide systems in addition to the 
salt systems which are discussed by the 
author. All the diagrams in this book are 
well drawn and are self-explanatory. 
Although rather long, this should be a useful 
book for university science students con 
cerned with this subject as well as for those 
studying metallurgy; it should also be of 
some value to university lecturers inter- 
ested in the subject.—E. T. TuRKDOGAN 
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These titles are also available on inder cards in 
advance of publication in the Journal, each title 
being classified under the Universal Decimal 
system (UDC). Detaile and subscription rates 
can be obtained from the Secretary, The Iron and 
Steel Institute. 


AcADEMY oF Scrences, USSR. Chemical 
Sciences Division, Chromatography Com- 
mission. ‘IJonnyi Obmen i Ego Primenenie’ 
Jon Exchange and its Uses. In Russian 
10} x 6} in., pp.319. Illustrated. Moscow, 
1959: The Academy. (Price 20 r. 50 k.) 

ACADEMY OF Scrences, USSR. 
tekhnologii 
poleznykh iskopaemykh’. 
technology of 


‘Voprosy 
obogashcheniya 

Questions of the 

extracting and beneficiating 
useful minerals.} In Russian. 10} x 64 in., 
pp.187. Illustrated. Moscow, 1959: The 
Academy. (Price 9 r. 40 k.) 

AINBINDER, 8S. B. ‘Kholodnaya svarka metallov 
Stseplenie metallov pri sormestnor plastiches 
kot deformatsii’. (‘Cold welding of metals. 
Joining metals with common plastic deforma 
tion’.| In tussian. 846 in., pp.163. 
Illustrated. Riga, 1957: Academy of Sciences 
Latvian SSSR. (Price 8 r. 85 k.) 

AMERICAN IRON ORE AssocraTION. ‘Iron Ore 
1958’. 8x 4% in., pp.125. Cleveland Ohio, 
1959: The Association. 

AMERICAN Society ror Merats. ‘Short-Time 
High-Temperature Testing’. 9 x 6 in., pp.137. 
Illustrated. Cleve land, 1958: The Society. 

Price $6.00). : 
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136 NEW PUBLICATIONS 


AMERICAN SocreTy FOR TESTING MATERIALS 
‘ASTM specifications for coated and uncoated 
Tron and Steel Sheet and Strip’ 
ASTM Committee A—I on Steel and A-5 on 
Corrosion of Lron and Steel. 9 « 6 in., pp.136 
Illustrated. Philadelphia, 1959: The Society 
(Price, Non-members $3.00; Members 
$2.40) 

AMERICAN Society FOR TESTING MATERIALS. 
‘Index to the Literature on Spectrochemical 
inalysis’. Part IV, 1951-55, by B. F. 
Scribner and W. F. Meggers, S.T.P. No 
41-D. 96 in., pp. +314. Philadelphia, 
1959: The Society. 

AMERICAN Society FOR TesTina MATERIALS 
‘1959 Supplement to the Bibliography of 
Spectrophotometric methods of Analysis for 
Inorganic Ions’. Prepared by M. G. Mellon 
and D. D. Bly. STP. No.125-A. 9 @ in., 
pp.27. Philadelphia, 1959: The Society. 
(Price $1.50.) 

AMERICAN SocieTy FOR TESTING MATERIALS 
‘Symposium on Basic V echanisms of 
Fatigue’. 8.T.P. No.237. 9 «6 in., pp.121 
Illustrated. Philadelphia, 1959: The Society. 
(Price, Non-members $3.75, Members 
$3.00.) 

AMERICAN Society FoR TestinG MATERIALS 
‘1958 Symposium on Bulk 
96 in., pp.60. Lllustrated. 
it The Society. (Price, 
$ , Members $1.80 

AMERICAN Society FoR TestinG MATERIALS 
Symposium on Instrumentation in Atmos 

Analysis’. S.T.P. No.250. 96 in., 
pp.57. Illustrated. Philadelphia, 1959: The 
Society. (Price, Non-members $2.25; Mem 
bers $1.80). 

AMERICAN SOCIETY 


Sponsored by 


Sampling’ 
Philace Iphia, 
Non-members 


pheru 


FOR TESTING MATERIALS 
Symposium on Particle Size Measurement’ 
S.T.P. No.234. 9x 6 in., pp.v + 303. Llus 
trated. Philadelphia, 1959: The Society 
(Price, Non-members $6.25, Members 
$5.00.) 

AMERICAN Society FOR TESTING MATERIALS 
Symposium on Solvent Extraction in the 

Analysis of Metals’. S.T.P. No.238. 9 x 6 in., 
pp.54. Illustrated. Philadelphia, 1958: Th 
Society. (Price, Non-members $2.25, Mem 
bers $1.80.) 

ASSOCIAZIONE INDUSTRIE SIDERURGICHE [Tal 
1ANE. ‘Reportorio delle Industrie Siderurqiche 
Italiane’. 94 = 6} in., pp.759. Milan, 1959 
‘Assider’. (Price L.4000.) 

BaREIN, K. (Editor.) ‘Materialfluss in Giesse 
eien’. Ato, pp 94. Illustrated. Ditisseldortf, 
1959: Giesserei-Verlag. (Price DM.10.00.) 

METALLWERK PLANSEE AG. BENESovsKy, F 
(Editor.) ‘Plansee Proceedings’. 1958, High 
Melting Metals. Papers presented at the 
Third Plansee Seminar. 22-26 June 1958 
9x6 in., pp.xu 465. Lllustrated. Vienna 
1959: Springer-Verlag. (Price £4 3s. 6d.) 

Tue Brirish EnGineers’ Association. * The 
British Engineers’ Handbook, 1959". 84 * 54 
in., pp.636, Illustrated. London, 1959: The 
Association. (Price 21s.) 

British STanparps InstrirutTion. B.S.1016 
Part 8: 1959. “Methods for the analysis and 
testing of coal and coke. Part 8. Chlorine in 
coal’ 8} x5} in. pp.l4. Illustrated 
London, 1959: The Institution. (Price 4s. 6d.) 

British STANDARDS INstiTuTION. B.S.3146 
Part I: 1959 Investment castings in metal 
Part I ind low alloy steels’. 8} 5 
in., pp.26. 1959: The Institution 
(Price 6s.) 

Browne tt, L. E. and Youna, E. H. ‘Process 
Equipment Design. Vessel Design’. 11 * 8 in., 
pp-xii+ 408. Illustrated. New York, London, 
1959: John Wiley and Sons Inc., Chapman 
and Hall Ltd. (Price £7 16s 

CHALONER, W. H. ‘Vulcan. The History of One 
Hundred Y ears of Enqineering and Insur 

1859-1959 oF x 7} in 65 
Illustrated. Mancheste Vulean 
Boiler and General Insurance Co 

Cuavssix, C. and 
Tome 2. Elaboration des metaux’. 3rd ed 
936 in., pp.xiii+ 212. Illustrated. Paris, 
1959: Dunod. (Price Fr.1 140 

Copett, M., ‘Analytical Chemistry of Titantum 
Metals and Co Analysis 


Carbon 
London, 


4 


ance 


Vetallura 


Chemical 


Illus 


Inter 


Series, vol.9. 96 in., pp.xili +378 
trated. New York, London, 1959 
science Publishers, Inc. (Price £4 10s.) 

ue ComBustion Instirute. ‘Seventh Sym 
postum (International) on Combustion’. At 
London and Oxford. 28 August-3 Septem 
ber 1958. 107 in., pp.xlvi+959. Illus 
trated. New York, London, 1959: Academic 
Press Inec., Butterworths Scientific Publica 
tions. (Price £11 14s.) 

Diperot, D. ‘A Diderot Pictorial Encyclopedia 
of Trades and Industry’. Edited with Intro 
duction and Notes by C. C. Gillespie 
2 vols.12 x9 in., pp.xxx +920. Illustrated 
(485 plates). New York, London, 1959 
Dover Publications Inc.; Constable and Co. 
Ltd. (Price £7 8s.) 

EIsSENKOLB, F. ‘Einfiihrung in die Werkstoff 
kunde’. Band ILL. Eisenwerkstoffe. 8 
pp.280. Illustrated. Berlin, 1959: 
Verlag. (DM.16.) 

ENTWISTLE (OLDHAM) 
Products’. 9» 5} in., 
Oldham, 1957 
(Price 15s.) 

ERDMANN JESNITZER, F. ‘Werkstoff und 
Schweissung’. Teil IIL. 94 « 64 in., pp.xx 
1621-1991 + 254. Illustrated. Berlin, 1959 
Akademie Verlag. (Price DM.35.) 

EUROPEAN GENERAL GALVANIZERS ASSOCIA 

rion. ‘Fifth International Conference on Hot 

held by the 

European General Galvanizers Association, 

1958. 94 «6 in., pp.355. Hlustrated 
London, 1959: Zine Development 
tion. (Price £3 

FELDMANN, H. D. ‘Fliesspressen von Stahl’. 
9x6 in., pp.vill+ 208. Illustrated. Berlin, 
1959: Springer-Verlag. (Price Dm.31.50.) 

GmMeun INstireut Handbuch der 

jnorganischen Chemie’. 8 Auflage. 10 in 
Dllustrated. 

Sauerstoff Elementarer 
Nr.3, Lieferung 3, 
(Price DM.283 
Vaqnetische Werkstoffe 
Nr.59. Teil D,  pp.xxxvii+ 580 
Weinheim) Bergstrasse Verlag 
(Price DM.321.) 

GorBUNOV, N.S 
Zhelezhe i Stali 
Iron and Steel’.| In Russian. 84 «54 
pp.208. Lllustrated. Moscow, 1958: Acar 
emy of Sciences, USSR. (Price 9 r. 30 k 
roux, C. ‘Guide de 
pp.232. Illustrated. Paris, 1959: 
Gauthier-Villars. (Price Fr.2 600) 

HEHEMAN, R. F. and Au tt, G. M. (Editors 
‘High Temperature Materials’. Conference 
held in Cleveland, Ohio, 16-17 April 1957 
96 in., pp.xvi+ 544. Illustrated. New 
York, London: John Wiley and Sons Ine 
Chapman and Hall Ltd. (Price £7 

Hv, L. and Martin, J. (Editors Proceed 
ings .. for a Short Course Vechanical 
Properties of Metals’. 11 84 in., 
Illustrated 1959 
vania State University 

INTERNATIONAL UNION OF PURE AND APPLIED 
Cuemistry. ‘16th International Congress of 
Pure and A pplied Chemistry’. Paris 1957 
Papers presented to the Section on Mineral 
Chemistry. 94 x 6} in., pp.891. Illustrated 
London, 1958 tutterworths Scientitic 
Publications. (Price £4 17s. 6d 

Jac KSON, 4 Steelmaking for 
9x 6 in., pp.xi+ 265. Illustrated 
1959: The United Steel Companies 


go 


6 in., 


VEB 


Limirep. ‘Alloy Steel 
pp.139. Illustrated 
Entwistle (Oldham) Ltd 


Dip Galvanizing’. Conference 
June 


Associa 


(ime lins 


Sauerstoffe’. 


System 
pp-xi+ 301 818, 1958 
Zugleich system 

1959 
Chem 


Diffuz 
Diffusion 


ionnye Pokrytiya na 
Coatings on 


Thermometrie’. 9} 6 in., 
kK 


vrolles; 


pp 206 


Pennsylvania, Pennsyl 


Steelmakers 
Shetteld, 
(Price 


Kasper, J. and Lonsparr, K Editors 
‘International Tables for X-ray Crystallo 

Vol.2. Mathematical Tables 
Ill 8 in., pp.xviil * 444. Birmingham, 1959 
International Union of Crystallography and 
Kynock Press. (Price £5 15s 

Kincery, W. D. (Editor). ‘Kinetic High 
Temperature Processes’. Report of a Con 
ference, M.I.T., 23-27 June 1958. 104 « 8 in., 
pp-xvi+ 326. Illustrated. New York, Lor 
don, 1959: Technology Press of M.L.1 
John Wiley and Sons Inc., Chapman and 
Hall Ltd. (Price £5 8s 

Kincery, W. D. ‘Property 


graphy’ 


Veasurements at 
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High Temperatures’ 10 a 416 
Illustrated New York, 1959 
John Wiley and Sons Ine., Chapman and 
Hall Ltd. (Price £6 12s.) 

Martin, J. (Editor). ‘Proceedings . for a 
Short Course Vaterials Engineering 
Design for High Temperatures’. 11 «84 in., 
pp.418. Illustrated Pennsvivania, 1959 
Pennsylvania State University 

NARAYANAN, P. I. A. and St 
N. N 


BRAHMANYAN, 
‘Beneficiation of Low Grade 
ese Ores of India’ 
Illustrated. New 
Scientific and 
{s.10.) 
ORGANIZATION OF EUROPEAN Economic Co 
OPERATION (OEE ‘The Tron and Steel 
Industry in Europe’. Trends in 
Sectors. 5th year. 946 = in., 
Tables. Paris, 1959: OK E¢ 
RASSWEILER, G. M. and 
Editors) 


Vangan 
94% 64 in., pp.t83 
Delhi, 1959 
Industrial 


Council of 
(Price 


tesearch 


Economic 
pp.l23 
(Price 14s 
Gruspe, W , 
Internal Stresses and Fatique in 
Vetals’, Symposium, Detroit and Warren 
(Mich.) 1958. 94 « 6$ in., pp.x + 451. Illus 
trated. Amsterdam, London, New York, 
1959: Elsevier Publishing Company, D. Van 
Nostrand Co. Ltd. (Price £3 12s 
{ATION ALISIERUNGS KURATORIUM DER 
DEUTSCHEN Wirtscuarr (RKW *Prak 
tische Beispiel zur Automatisierung aus de 
Bundesrepublik Deutschland, 
Frankreich und Italien’ 
trated. Munchen, 1959 
1DM.24.00 
Ropertson, W. H. A., & Co. Lrp 
Robertson Guide to World 
Standards’ 96 in., pp.4l 
Bedford, 1959: W. H. A 
Ltd. (Price LOs.) 
Roussetor, R. H. ‘Re partition du Potential et 
du Courant dans les Electrolytes’ Sh >} in 
[llustrated 1959 
Price Fr.980.) 
ScHIMPKE, P. and 
Handbuch der 
Band 3 


Schwei 


England, 
Illus 
(Price 


Svo, pp 202 


Hanser 


‘The 
Thread 
Illustrated 
* Co 


aecreu 


Robertson 


pp.85. Paris, Dunod 
Horn, H. A. ‘Praktisches 
qesamten Schweisstechnih 
*Berechnen und Entwerfen de 
konstruktionen’. New ed.) 8vo, 
pp.xt+ 33 Illustrated Berlin, 1959 
Springer-Verlag. (Price DM.33.60 
Sepittor, R. ‘La Maison de Wendel de Mil 
Sept Cent Quatre a nos Jours’. 94% 64 in 
pp.409. Illustrated. Paris, 1958: de 
& Cr 
SEFERIAN, D 


Wendel 


Vetalluraie 


de la Soudure 
94 « 6 in., pp.xvii+ 393. Illustrated 
1959: Dunod. (Price Fr.5 800.) 
Suvartrz, G. and Kristar, M 
Chemical Apparatus’ 


Paris, 


Corrosion of 
Translation from the 
Illustrated 
onsultants 


Hall Ltd 


6 in., pp. 250 
London, 1959: ( 
Chapman and 


Y On., 
Lilustrated Eindhoven, 1O5a 
Philips Technical Library. (Price £3 12s. Od 
Unrrep Nations. ‘Proceedings of the Second 
United Nations International Conference on 
the Peaceful Uses of Atomic Energy, held ir 
Geneva, 1-13 1958. V1 S$ in., 
Illustrated. Vol.6. ‘Basie Metallurgy and 
Fabrication of Fuels pp.ix + 720 1959 
Price £6 98. Od.) Vol. 19. ‘The Use of Is 
Industr l * pp.vil 366. 1959 
Price £4 98. Od.) Geneva: United Nations 
Van Vuack, L Elements of Mater 


Science’. 9* 6 in., py 5 Illustrated 


pp.369 


Se ptember 


topes 


in., rxvi+528 
Reading (Mass.), London Addison-Wesle 
Publishing Co. Inc. (Price £3 48. 0d 
VEINIK, A. I Teoriya 
The theory of spec 
Russian. 84 5} in., 
Moscow, 1958: Mashgiz 
Veinik, A. 1. *Pribl 
Teploprovodnost’’ The Approximate calcu 
lation of Thermal Conduction P) 
pp. 184 


Gosenergoizdat 


osobykh vidow lit’ ya 
il types of castin Ir 
pp.3s00 Illustrated 


hennyi Raschet Protsess: 
COEBSES lr 
Illustrated 


Price 


tussian. 107 in., 
Moscow 1959 
Sr. 50k 

WERNER, E. ‘ Metallische 
lytischem und 
Farben der Vetalle’ (Werkstattkniff 
Folge 4/5.) &vo, pp 173. Lllustrated. Min 
chen, 1959: Hanser. (Price DM.7.80.) 


auf elektr 
Wege und das 


Uberzitige 


chemischem 





for big names in steel 


Honeywell is instrumental 


Flexible Honeywell controls 
regulate oil and gas fired zone 
temperatures on reheaters. big steelworks operating under Honeywell control. 
Alternative combined controller At the Ebbw Vale works of Richard Thomas 
settings can be quickly selected and Baldwins. each 7-ton slab of red-hot stee! 

from a control knob at the desk. 


There is an atmosphere of confidence ina 


bears an invisible guarantee as it moves past 
the instrument panel on its way from 
the reheating furnaces to the rolling mill 


Furnaces engineered and installe 
by Stein & Atkinson Limited, a guarantee of precision; optimum temperature 
distribution exactly reproduced .. . ideal surface 
quality from close control of furnace atmospher 
WRITE OR SEND THE COUPON TODAY 
Honeywell Controls Limited, Ruislip Road East, 
Greenford, Middlesex. WAXlow 2333. 


a guarantee of economy; each slab costs les 
to heat when every calorie is harnessed 


by automatic fuel flow control. 


And the range and flexibility of Honeywell instrument 


| 
| 
| 
| 
| 
| 
| 
| 
l 
| 
| 
! 
| 
| 
| 


I am interested in the application of ensure that these units can be built into new 


CORAESE REN te plant conveniently, without prejudice to plant design 
This is why the big names in steel .. . Richard Thomas 
Please send: (Tick where appropriate) and Baldwins... Steel Company of Wales... 
Steel Peech and Tozer ...Colvilles... 


come to Honeywell for their instrumentation 


Address of your nearest branch office QO 
l information oO 


Honeywell 
ns | H Fost in, Control 


Qe come cee eee ee eee ee ee ee ee ee ee ee ee oe. oe Nensndtees SINCE 


ees mmenan san and 


nuary, 1960 





HOT ROLLED STEEL BARS 


Round ¢* Square ¢ Flat 


Ferro-Concrete Bars bent to Specification 


HOT ROLLED STEEL 
HOOPS AND STRIP 


Coils or cut lengths 


COLD ROLLED 


Speciality: 


STEEL STRIP VERY HEAVY 


in all qualities including CONTINUOUS 


Special Deep Stamping LENGTH 
in cut lengths or coils COILS 
Electro-Galvanised Strip 


THE WHITEHEAD IRON & STEEL CO LTD 
Phone: 6540! (P.B.X.) NEWPORT MON Grams: Whitehead Newport 


LONDON OFFICE BIRMINGHAM OFFICE GLASGOW OFFICE MANCHESTER OFFICE 


STEEL HOUSE, KING EDWARD HOUSE 50 WELLINGTON STREET, CHRONICLE BUILDINGS 
TOTHILL STREET, S.W.1 NEW STREET, BIRMINGHAM, 2 GLASGOW, C.2 MANCHESTER 


Telegrams Telegrams Telegrams Telegrams: 
WHITEDSTEL, PARL, LONDON WHITEDSTEL, BIRMINGHAM WHITEDSTEL, GLASGOW WHITEDSTEL, MANCHESTER 
Telephone Telephone Telephone: Telephone: 

WHITEHALL 2984 MIDLAND 0412-3 CENTRAL 1528 BLACKFRIARS 1603-4 
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DONT FRET 
ABOUT FUMES! 


Pass the problem to VISCO. We thrive on noxious fumes and gases (the removal 
of) and our experience with fume removal installations at works large and small 
is yours for the asking. Cut costs by consulting THE VISCO ENGINEERING 
CO. LTD., STAFFORD ROAD, CROYDON. Telephone: CROYDON 4181. 


VISCO 


FUME REMOVAL PLANT 














Photograph courtesey of Richard Thomas & Baldwins Ltd 
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Refractories STA L in English 


for the 
Tron and Steel Industry 


_ ) 
—* 


By arrangement with the Department of 
Scientific and Industrial Research, The Iron 


and Steel Institute is now publishing monthly a 


et 


complete English-language version of STAI 
(Steel), the major Russian periodical in the field 
of iron and steelmaking technology. The 
developments reported in Sta/ in English are of 
the greatest interest to everyone connected with 
iron and steelmaking. 

The rates of subscription are as follows: 
Annual subscription (12 tissues) £20 0 0 
Special subscription to Members of 

The Iron and Steel Institute £15 0.0 

Postage is extra, at a rate of ls per copy. Single 


copies may be obtained at £2 0 0 each (Members 





Pearson consistent quality refractories £1 10 Q). 
are available in standard brick sizes in a 
wide range of materials. Special shapes of Orders should be sent to 
all types also made to order 
Send for full technical information and 
prices 








The Secretary 





FIRECLAY, HIGH ALUMINA, SILLIMANITE AND SILICON CARBIDE The Iron and Steel Institute 
BRICKS AND SPECIAL SHAPES. INSULATING BRICKS AND CON. 


CRETE. PLASTIC JOINTINGAND PROTECTIVE CEMENTS, we ‘ : 
REFRACTORY CONCRETE AND RAMMING COMPOUNDS 4 Grosvenor Gardens 


E. J. & J]. PEARSON LIMITED London S.W.1 
FIREBRICK WORKS, STOURBRIDGE 


Telephone: Brierley Hill 77201 
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GRIFFIN BRAND 


STEEL SHEETS 


m7 Light and Heavy industry are served 
by GRIFFIN BRAND Steel Sheets 
Black, Galvanised, Flat and Corrugated. 








* We make the widest Steel Sheets and 
have the largest general Galvanizing 
| Plant in Great Britain. 


Metal Spraying by the most up-to-date 
methods done in our works or ‘‘in situ’. 





Metals deposited include: Zinc, Tin, 
Aluminium, Copper, and all its alloys, 
Cadmium, Mone! Metal, etc. 

















See 


Ste ~ : ee 
SEE ae oan cn 
RATES SEN o 
rd imi 
a 
Brace tists 
5 a ‘ 
Li % so 


h and McLean Lid. 


= 179 WEST GEORGE STREET, 
GLASGOW, C.2 
Tel. : CENtral 0442 ‘Grams: CIVILITY, Glasgow 











JOURNAL OF THE IRON AND STEEL INSTITUTE 





Le ita” 








EFCO continuous production line 
125 ft. long, supplied to the 
Caterpillar Tractor Co. Ltd 


...cant do better than CATERPILLAR 


Models of ruggedness and reliability, Caterpillar tractors need 
—and get—the finest manufacturing facilities 

That is why Efco were chosen to provide the new production 
line in which components are given precise and vital heat treatment 

The production line is fully automatic. Here the parts are 
shepherded along in two lanes to be heated for hardening, are then 
quenched in water sprays or hurried on by electronic devices to be 
oil quenched. Further along the line they are cleaned, tempered and 
cooled. Some 6,000 Ib. of tractor components arrive at the discharge 
end of the line every hour 

The conveyor line, the hardening furnace, quench stations, 
quenching mechanisms, washing and cooling booths and control gear 
were all designed and supplied by the Electric Resistance Furnace 
Co. Ltd 


Now Caterpillar Tractor Co. Ltd. have ordered two 


more Efco continuous furnaces 


-- choose 
ELECTRIC FURNACES 


ELECTRIC RESISTANCE FURNACE CO. LTD. 


NETHERBY, QUEENS ROAD, WEYBRIDGE, SURREY Weybridge 389 


Associated with Electro-Chemical Engineering Co Ltd 


NRP/R 3053 
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BROWN BAYLEY 
STEELS LIMITED 
SHEFFIELD oA 





























260 B.H.P. Diesel Mechanical Locomotive 
for the South Durham Steel & Iron Co. Ltd. 
Incorporating National Diesel Engine, Scoop Control 


Fluid Coupling, S.S.S. 3-speed Powerflow Gear Box. 


HUDSWELL, GLARKE 


AND a ae LIiMITEO 


YE: 
a“ “ 
LY 


1860-1960 100 years of Locomotive Building 


“a 
ra 


DESIGNERS AND BUILDERS OF STEAM, DIESEL MECHANICAL, 
DIESEL ELECTRIC, ELECTRIC AND BATTERY LOCOMOTIVES FOR ALL PURPOSES 


Locomotive Engineers, Railway Foundry, Leeds, 10 
Telephone: 34771 (6 lines) Cables: Loco, Leeds 


London Office: 14 Howick Place, Victoria Street, S.W.!. (Telephone: ViCtoria 6786) 
Telegrams: Hudclar, Sowest, London. Cables: Hudclar, London. 


January, 1960 





Mr. H. F. SPENCER — Managing Director of 
RICHARD THOMAS & BALDWINS LIMITED 
writes :— 
“Although we have our own fuel engineering department 
occasions arise when we could do with additional qualified 
staff. A Regular Service Agreement with N-I-F-E-S provides 
us with a call on fully trained reserves. 
In my opinion no business is too vo small to benefit 


hig or t 
from a similar arrangement.” 
ae He 
) Hf Ate I- 
jen, * ad 
CALL IN N:-I-F-E-S—INDUSTRY’S OWN NON-PROFIT-MAKING SERVICE FOR 


ADVICE ON THE EFFICIENT USE OF ALL FUELS, HEAT AND POWER. 


For address of nearest Area Engine¢ r write to: 


Nf : I ; iH . BB 7 BS} National Industrial Fuel Efficiency Service 


Head Office: 71 GROSVENOR STREET LONDON WL - Telephone: Hyde Park 9706 











COMPLETED LININGS TO 





57 BLAST FURNACES 
112 HOT BLAST STOVES 


58 STEEL MELTING 
FURNACES 








BRICKS LAID YEARLY — 12 MILLION 


~~ — - STAFF — 80 FURNACE BRICKLAYERS 


TATTERSALL 
REFRACTORY CONTRACTORS MIDDLESBROUGH 


137 SOUTHFIELD ROAD 


Telephone 2320 
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Vacuum melted steels are consistently free of inclusions 
and exceptionally clean. Steel for ball bearings treated 
ina vacuum furnace led to the following remarkable 
results 


1. Bearing life consistently 100°, 200°,, better 
than usual standards for normal temperature 
operations 

Bearing life consistently up to 600°,, longer 
for high temperature, high speed applications 


3. Up to 90°,, reduction in bearing race rejects 


Would metals with such characteristics make your pro- 
better? Wild-Bartield—— NRC 


you to develop 


duction 


vacuum melting 


furnaces enable 


materials specially 


suited to your needs. Backed by the experience of the 
National Research Corporation, who have built and 
operated more high vacuum furnaces than any other 
Wild-Barfield NRC vacuum 
equipment covers most needs. Write for details of the 


range 


company in the world, 


WILD-BARFIELD—NRC EQUIPMENT INCLUDES: 


VACUUM INDUCTION FURNACES 

VACUUM ARC FURNACES 
VACUUM RESISTANCE FURNACES 
VACUUM ANALYSING FQUIPMENT 
HIGH VACUUM DIFFUSION PUMPS 


LABORATORY VACUUM FURNACES 


NRC is the trade-mark of the Nationa! Research Corporation 
registered in the United States Patent Office 


WILD-BARFIELD 


ELECFURN WORKS 


OTTERSPOOL WAY - W 


January, 1960 


WORKED 


WONDERS 


COULD A VACUUM FURNACE 


DO THE SAME 


FOR YOUR PRODUCTS? 


Model 2555 Induction 
Furnace with melting capacity of 
50 pounds of steel. Other standard 
furnaces have capacities of 12 to 
3.000 pounds 


Vacuum Model 2705 
Skull Furnace witt 
pounds of titanium 
vacuum arc furnace 
8 to 10,000 pounds 


Yq. ectaic 


BarrieLD 


/ 
| 
Waa 


Non-Consumable 


i apacity 
Other 
have capacities 


of titanium 


for all heat-treatment purposes 


ELECTRIC FURNACES LIMITED 


tandard 
ot 








RECUPERATIVE 
SOAKING PITS 


te HIGH THERMAL EFFICIENCY 
GIVING MAXIMUM 
FUEL ECONOMY. 


ABSOLUTE CONTROL OF 
FURNACE ATMOSPHERE WITH 
OXYGEN OVERRIDE CONTROL. 


RAPID HEATING RATE 
AND TEMPERATURE RECOVERY. 


MASSIVE CONSTRUCTION WITH 
LOW MAINTENANCE COST. 


LOW SCALE LOSS AND 
NEGLIGIBLE SLAG FORMATION. 


H4 “OFU" SOAKING PITS BUILT IN THE LAST FIVE YEARS 


GIBBONS BROTHERS LIMITED, DIBDALE, DUDLEY, WORCS. Telephone: DUDLEY 55141 (P.B.X.) Grams: “'Gibbons, Dudley 





44 in one steelworks 





sail 
{ wi ¥ 
a 


finan , new OP" 
Orkot hy ....tong life... 
Rolling Mill 
BEARINGS 


POWer Saving. 


Rig lo 
We, "Olin 


+ + . @ unique type of fabric bearing 
with an unusually low friction coefficient 


and high resistance to wear 


Orkot Rolling Mill Bear mgs are made by United Coke and Chemicals Company Limited 


a subsidiary of The United Steel Companies Limited at their Orgreave Works outside Sheffield 


Enquiries to: 
UNITED COKE & CHEMICALS COMPANY LIMITED 
(SALES DEPARTMENT 2353) P.O. Box No. 136 Handsworth, Shefheld 13 
Phone: Woodhouse (Sheffield) 3211 Grams: ‘Unichem’ Sheffield 
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theyre West Hunwick ! 


Frustration to the insidious enemies thermal spalling, flame impingement, 
gouging at the skewbacks and all others which contribute to rapid roof wear. 
On with the furnace campaign protected by Hunnex high duty silica bricks 

in target areas and Hunwick standard quality silica bricks in areas where 
temperature and operating conditions are more normal. 


HUNNEX brand — high duty quality. uHuNnwick brand — standard quality. 


WEST HUNWICK CONTROLLED REFRACTORIES 


THE WEST HUNWICK SILICA & FIREBRICK COMPANY LTD., HUNWICK, CROOK, CO DURHAM TEL CROOK 200 





ae 


This SHEPPARD 120 MOULD SINGLE STRAND 

MACHINE—with variable control, self-contained 

water spray cooling and mould lime spray coating 

equipment and capable of producing cast and refined 
iron pigs at the rate of 15/20 tons per hour—was supplied to Bright- 
side Foundry and Engineering Co. The illustration depicts the instal- 
lation showing hot metal launder and pouring in operation 
SHEPPARD CASTING MACHINES can also produce Ingots in 
Aluminium, Brass, Bronze and Gunmetal, Copper, Lead, and Zinc. 
Full particulars on application. 


SHEPPARD & SONS LTD -: BRIDGEND GLAM 


TE G AS 
eeoCEND 1900 i iis A SUBSIDIARY OF HAYES INDUSTRIES (WALES) LTD. aaa icine 


LONDON OFFICE: 153 GEORGE STREET, W1—Te/. PADDINGTON 4239 
Representatives in South Wales and Monmouthshire for 
G.W.B. FURNACES LTD.—Electric Melting and Resistance Furnaces and Electric Control Gear 
BRONX ENGINEERING LTD.—Plate Bending Rolls and Press Brakes. 





RSS 1M ee <— AZZ 
THE BURN < 
FIRECLAY CO., LTD. 


76 JESMOND RD. NEWCASTLE-ON-TYNE 2 
Manufacturers of 
THE ‘AXE’ RANGE 


—hikiinn OF REFRACTORIES 











Freyn and McKee 


checkers supplied by 
THE BURN FIRECLAY 
CO. LTD., for the most 


modern installations 


in leading Iron and 
Steel Works. 


(By courtesy of Messrs. (By courtesy of Messrs. 
Ashmore, Benson, Pease & Co.) Head, Wrightson & Co. Ltd. 


| Write for particulars and technical data | 
— — omens 
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The hook of the 175 ton 
‘traveller’ in our new turbine 
shop at Hartlepool. Here 
we can build, to Brown Boveri 
TO LIFT THE : design, the largest turbo 
alternators yet envisaged. 
: At Hartlepool we, of course, 
LARGEST t also build small turbines, and 
Ve many other things besides 
ie industrial turbo-alternators 
ALTERNATORS F down to 500 kW, gas turbines, 
axial and centrifugal blowers 
and exhausters, water-tube 


YET /| boilers of Foster- Wheeles 


design, Economic type boilers, 

feed heaters, condensers, 
ENVISAGED rotary cooling- water 

strainers, ete in fact all 


the major equipment 
of a power station. 


(RW) RICHARDSONS WESTGARTH (HARTLEPOOL) LTD. 


A member of THE RICHARDSONS WESTGARTH GROUP which co-ordinates the land and marine activities of: 


(G) THE NORTH EASTERN MARINE ENGINEERING CO. LTD. RICHARDSONS WESTGARTH (HARTLEPOOL) LTD 
PARSONS MARINE TURBINE CO. LTD THE HUMBER GRAVING DOCK & ENGINEERING CO. LTD. 
GEORGE CLARK & NORTH EASTERN MARINE (SUNDERLAND) LTD RICHARDSONS WESTGARTH ATOMIC LTD 
ASSOCIATED COMPANY: ATOMIC POWER CONSTRUCTIONS LTD 


RICHARDSONS WESTGARTH (Hartlepool) LTD., HARTLEPOOL, CO. DURHAM 
and at 58 Victoria Street, London, S.W.1. 59 Mosley Street, Manchester, 2. 75 Buchanan Street, Glasgow. C.1 


January, 1960 
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No. 5 blast furnace at Margam 


designed, manufactured & erected for 


The Steel Company of Wales 
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ASHMORE, BENSON, PEASE & COMPANY LIMITED 


moon Gi mek, Bem oe. ire a 2 AND LONDON 
MEMBER OF THE 


POWER-GaAS GROU P 





SOAKING 





Meters & Controls 


Some of the Control Panels for a battery 
of 24 soaking pits, each provided with 
Electroflo Automatic temperature, gas/air 
ratio, and furnace pressure control and 
complementary instrumentation. 





Illustration by courtesy of Guest Keen Iron and Stee/ Co. Ltd. and the Internationa! Construction Co. Lid 


The use of Electroflo instruments and automatic con- 
trols guarantees optimum results in heating quality 
and fuel economy. Oxidation loss and maintenance 
costs are minimised and availability increased by re- 
duced slag formation. Electroflo owes its superiority 
in this field to: 


* An unrivalled experience: pioneer installation made 
in May 1943. 


* Unrestricted choice of equipment offered by prov- 
ision of a complete range. 


* Separate, independent control and metering func- 
tions. 


* Hydraulic operation of regulators for ample power 
and precise action. 


* Commissioning byengineers with extensive practical 
steelworks experience. 


* Provision of 
installation. 


comprehensive service, including 


METERS COMPANY LIMITED 


Head Office : Abbey Road, Park Royal,N.W.10 Telephone: Elgar 7641/8. Telegrams & Cables : Elflometa, London, Telex. Telex No. 2-3196 
Factories: Standard Road, Abbey Road & Minerva Works, Park Royal & Maryport, Cumberland. Agents in all principal countries 


throughout the world. 
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Member of Elliott-Automation Group 
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